This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



1» 



J 



Europalsches Patentamt 

® European Patent Office © Publication number: 0 337 714 

Office europeen des brevets A2 



® EUROPEAN PATENT APPLICATION 

© Application number: 89303539.4 © int CI* C07K 5/02 , C07C 125/065 , 

_ C07C 143/74 , C07C 153/057 

® Date of filing: 11.04.89 

C07D 213/40 , C07H 13/04 , 
C07F 9/28 , C07F 9/09 , 
A61K 37/64 , A61K 31/16 , 
A61K 31/395 



3 



® Priority: 12.04.88 US 180507 


Telford, PA 18969(US) 


24.08.88 US 238084 


Inventor: Young, Steven D. 


28.03.89 US 328643 


1280 Mark Drive 


@ Date of publication of application: 


Lansdale, PA 19446(US) 


Inventor Desolms, S. Jane 


18.10.89 Bulletin 83/42 


735 Port Indian Road 


® Designated Contracting States: 


Norrtstown, PA 19403(US) 


Inventor Thompson, Wayne JL 


AT BE CH DE ES FR GB OR IT U LU N L SE 


Box 172 Whites Mill Road _ 


© Applicant MERCK & CO. INC. 


Qreen Lane, PA 18054(US) 


Inventor: Lyla, Terry A. 


126, East Lincoln Avenue P.O. Box 2000 


570 Camp Wa Wa Road 


Rahway New Jersey 07O65-O9O0(US) 


Lederach, PA 19440(US) 


@ Inventor SIgat, Irving S. 


Inventor Graham, Samuel L 


382 Chadwyck Circle 


deceased(US) 


Harieysvflle, PA 19438(US) 


Inventor Ghosh, Arun K. 


Inventor Huff, Joel R. 


1141 Snyder Road Forge Gate Apt LV37 


738 Bergey Mill Road 


Lansdale, PA 194 45 (US) 


Lederach, PA 19450(US) 


Inventor Darke, Paul L 




434 West Walnut Street Apt 3 


0 Representative: Hesketh, Alan, Dr. 


North Wales, PA 19454(US) 


European Patent Department Merck & Co* 


Inventor Vacca, Joseph P. 


Inc. Terllngs Park Eastwfck Road 


766 Elsenhauer Drive 


Harlow Essex, CM20 2QR(GB) 



HIV protease inhibitors useful for the treatment of aids. 

is 

fs® Compounds of the form 
OA-G-B-B-J 

w wherein A is an amine protecting group commonly employed In peptide synthesis. G a dipeptide isostere, B an 
O amino add or analog thereof, and J a small terminal group are described. These compounds are useful In the 
^Inhibition of HIV protease, the prevention or treatment of Infection- by HIV and the treatment of AIDS, either as 
Uj compounds, pharmaceutical^ acceptable salts, pharmaceutical composition Ingredients, whether or not in 

combination with other antMrals, Irnmunomodulators, antibiotics or vaccines. Methods of treating AIDS and 

methods of preventing or treating Infection by HIV are also described. 
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HIV PROTEASE INHIBITORS USEFUL FOR THE TREATMENT OF AIDS 



The present invention is concerned with compounds which Inhibit the protease encoded by human 
immunodeficiency vims (HfV) or pharmaceutical^ acceptable satts thereof and are of value in the 
prevention of infection by HIV, the treatment of infection by HiV and the treatment of the resulting acquired 
immune deficiency syndrome (AIDS)* ft also relates to pharmaceutical compositions containing the com- 
pounds and to a method of use of the present compounds and other agents for the treatment of AIDS & 
viral infection by HiV. 



BACKGROUND OF THE INVENTION 

A retrovirus designated human immunodeficiency virus (HIV) is the etiological agent of the complex 
disease that includes progressive destruction of the immune system (acquired immune deficiency syn- 
drome: AIDS) and degeneration of the central and peripheral nervous system. This virus was previously 
known as LAV, HTLV-III, or ARV. A common feature of retrovirus replication is the extensive post- 
translation^ processing of precursor polyproteins by a viralfy encoded protease to generate mature viral 
proteins required for virus assembly and function. Interruption of this processing appears to prevent the 
production of normally infectious virus. For example, Crawford, S. et al., J. Virol, 53, 899, 1885, 
demonstrated that genetic deletion mutations of the protease in murine leukemia virus"whicft prevent 
processing of precursor structural proteins results In non-infectious viral particles. Unprocessed structural 
proteins also have been observed In clones of non-infectious HIV strains isolated from human patients. 
These results suggest that inhibition of the HIV protease represents a viable method for the treatment of 
AIDS and the prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of apd gene in one open reading frame [Ratner, L 
et al.. Nature, 313, 277(1985)}. Amino acid sequence homology provides evidence that the poi sequence 
encodes reverse transcriptase, an endonuclease and an HIV protease [Toh, H. et al.. EMBcTj. 4, 1267 
(1985); Power, MJX et aL, Science, 231, 1567 (1986); Pearl, LH. et al., Nature 3297351 (1987)]. Applicants 
demonstrate that the compounds of this Invention are inhibitors of Hi\Tprotease. — 



BRIEF DESCRIPTION OF THE INVENTION 

Compounds of formula I, as herein defined, are disclosed. These compounds are useful to the inhibition 
of HIV protease, the prevention of infection by HIV, the treatment of infection by HIV and in the treatment of 
AIDS, either as compounds, pharmaceutical^ acceptable salts, pharmaceutical composition ingredients, 
whether or not in combination with other antivirals, immunomodulators, antibiotics or vaccines. Methods of 
treating AIDS, methods of preventing Infection by HIV. and methods of treating infection by HIV are also 
disclosed. 
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ABBREVIATIONS 



Designation 


Ammo Ae id /Res nine 


Ala 


D- or L-alanine 


Allo-Ile 


allo-isoleucine 


Acs 


D- or L-arginine 


Cal (Cha) 


fl-cyclohexylalanine 


Cys 


D- or L-cysteine 


Gly 


glycine 


His 


D- or L-histidine 


lie 


L-isoleucine 


Leu 


D- or L-leucine 


Lys 


D- or L-lysine 



25 



30 



36 



40 



48 



SO 
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Designation Amino Acid/Residue 

Met D- or L-methionine 

Nle L-norleucine 

Mva L-norvaline 

Orn D- or L-ornithine 

Ph phenyl 

Phe D- or L-phenylalanine 

Pro D- or L-proline 

Sar sarcosine (N~aethylglycine) 

Ser D- or L-serine 

Sta statine, (3S,4S>-4-amino-3- 

hydroxy-6-methylheptanoic 

acid 

Thr D- or L-threonine 

Trp D- or L-tryptophan 

Tyr D- or L- tyrosine 

Val L-valine 

Protecting Group 

BOC (Boc ) i-butyloxycarbonyl 
BOM benzyloxymethyl 
CBZ (Cbz) benzyloxycarbonyKcarbo- 

benzoxy) 

DNP 2, 4-dinitrophenyl 

INOC isonicotinoyloxycarbonyl 
IPOC 4 isopropoxycarbonyl 

OMe methyl ether (raethoxy), 

* except when it immediately 
follows an amino acid residue 
abbreviation and it 
represents methyl ester. 
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OEt 



ethoxy, except when it 
immediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 
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Designatio n 

HBT(HOBT) 

OMs 



Af,ti va ** n ? Group 

1-hydroxybenzotriazole hydrate 
methane sulfonyloxy 



IS 



20 



25 



DCCI (DCC) 
DPPA 



(B0C) 2 0 
DEAD 
TEA 
TFA 



Condensing A£ent 

dicyclohexylcarbodiimide 

diphenylphosphorylazide 

Reagent 

di-t-butyl di carbonate 
diethyl azodi car boxy late 
triethylamine 
trifluoxoacetic acid 



30 



35 



40 



46 



60 



BOP reagent 



B0P-C1 

DSO 

EDC 



HCFBA 
TBDNS 



Coupling Reagents 
benzotriazol-l-yloxjrtris- 
(diaethyl-amino)phos- 
phonium hexafluoro- 
phosphate 

b i 8 < 2-oxo- 3-oxazo 1 i d i ny 1 ) 
phosphinic chloride 
H»N r -di succ in imidy 1 
oxalate 

l-ethyl-3-(3-dimethyl- 

aminopropyl) carbodiimide 

hydrochloride 

m-Chlor ope r benzoic acid 

t -Bu ty 1-d imethy 1 8 i ly 1 



w DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

This Invention is concerned with the use of compounds of formula I, combinations thereof, or 
pharmaceutical ly acceptable salts thereof, in the inhibition of HIV protease, the prevention or treatment of 
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infection by HIV and in th treatment of th resulting acquired Immune deficiency syndrom (AIDS). 
Compounds of formula I are defined as follows: 
A-G-B-B-J I, 
wherein A is: 

s Dtrftyl, ^ 

2) hydrogen; 
3) 

RV I - wherein R 1 is 
to a) hydrogen, 

b) Cr* attcyJ, substituted with one or more halogens adjacent to the carbonyl carbon where halogen 
is F. a Br, and I; * 

4) phthaloyl wherein the aromatic ring is unsubstltuted or substituted with one or more of 
15 a) alkyl, 

b) halo, 

c) hydroxy, 

d) nitro, 

e) Cu» aJkoxy, 

so f) Ot 4 alkoxycarbonyl, 

g)cyano, 

o • 

II 

- C-NRj wherein R is H or alkyl; 



as 



30 



5) 



R 3 0 
R 2 -C-0-C- 



wherein R a ,R 3 , and R 4 are Independently 

35 *)H. 

b) C t4 alkyl unsubstltuted or substituted with one or more of 

i) halo, 

ii) alkyl SO?-, 

10) aryi SO2-, n 

40 c) Aryl unsubstituted or substituted with one or more of 

i) C^alkyt 

11) Cto altoxy, 
ili) halo, 

iv) nitro, 
45 v)acetaxy, 

vi) dimethyiamiiwcarbonyl. 
vS) phenyl, 

vili) C| 4 alkoxycarbonyl 
d) fluorenyl, 

so e ) R 2 . R 3 . and R 4 may tie Independently Joined to form a monocyclic bicydlc, or tricyclic ring 

system which is C3.10 cycloalkyl and may be substituted with C 1-4 alkyl. 

f) a 5-7 membered heterocyde such as pyridyf, furyi, or bemdsoxazolyl; 
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R5-N-oJ- 



wherein R s and R* are 

a) Cm alkyl, 

b) aryl, 

1Q c) R 5 and R 6 are joined to form a 5-7 membered heterocycle; 

7) 

O 

R 7 -S0 2 NH- C - wherein R 7 is aryl unsubstituted or substituted with one or more of 
; 5 a) Cm alkyl, 

b) halo, 

c) nrtro, 

d) C\4 alkaxy; 



20 



8) 



R 8 -S- 

9 

<0) m 



wherein m is 0*2 and R* is 

a) R 7 as defined above, 
w b) trityt; 

9) 
X 

(R 7 >2 P - wherein X is O, S or NH, and R 7 is defined above; 
36 Gte 



H * m »»3 



wherein Z is O, S, or HH and 
48 R 9 is independently 
1) hydrogen, 
2) 



50 



55 



rill 

tut 



3) -OR, wherein R is H, or Cm alkyl 

4) -NR2. 
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5) Ci^alkylena -R 11 ; 
wherein n Is 06 and R 10 is independently 
a) hydrogen, 
. b) hydroxy, or 
s c) Oi^alkyh 

R"is 

a) hydrogen, 

b) aryi, unsubstrtuted or substituted with one or more of i) halo, 
ii) hydroxy, 

ro Hi) -NH 2> -NOa, -NHR, or -NRa, wherein R is H, or Cm alkyf, 

iv) Cm attcyl, 

v) Ci a aikoxy, 

vi) -COOR 
vfi) 

-Snrj, 

viii) -CKfeNRa, 
ix) 

{? 

20 -CHjNHC R. 

x) -CN. 

xi) -CF 9 . 

xii) 

S 

25 -NH C R, 

xiii) aryl d^alkoxy or aryl Cm alkyl, 

xiv) aryl, 

xv) -NRSOaR, 

xvi) -OP(0)(0Rx)2 wherein R* is H or aryl, or 
30 xvit) 

.0 
•II 

-O- C •Ci^aflcyi substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocyde including up to 3 heteroatoms selected from N, 0, and S, such as 
imidazolyt, thiazolyl, piperidinyl, furanyl, oxazoiyl. thiadiazoiyl. piperazinyl. pyrtdyl, or pyrazinyl, any of which 

35 heterocyde may be unsubstrtuted or substituted with one or more of 

i) halo, 

ii) hydroxy, 

iii) -Nhfe. -NHR, -NRa; 

iv) Cm alkyl, 
40 v) d* aikoxy, 

vi) -COOR. 
vfi) 
O 

-SNRa, 
45 viii) -OHaNRz, 



II 

-NH CR, 
x)-CN f 
so xi) CF 9 , 

xii) -NHSOaR, 

xiii) -OPfOXORJj wherein R* Is H or aryl, or 

xiv) 

55 -O- C -Ci^aOcyl substituted with one or more of amin or quaternary amine; 

d) C14 alkyl or Cm alkenyl unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) Cm alkyl, 
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iii) -Nhfe, -NHR, -NRa, 
iv) 

NH 
II 

-NH*CH , 

s v) 

NH 

-NH- fc- NH 2 . 
vl) -COOH, 
v*i) 




viii) -SR, or aryl thio, 

ix) -SOaNHRT 

x) C1-4 alkyt suffonyl amino or aryl sulfonyi amino, 
is xi)-CONHR, 

xii) 

O 

-NH b R. 
xiiO -OR. 
so xiv) aryl Ci* alkoxy, or, 
xv) aryl; 

e) C3.7 cydoalkyl unsubstituted or substituted with one or more of i) hydroxy, 
iOC^alkyl, 
Hi) -NH2, -NHR, -NHR2. 
as iv) 

NH 
II 

-NH-CH , 
v) 

r 

30 -NH-C- NH2. 
vi) -COOH, 
vii) 

-?-oa 

35 viii) -SR, 

ix) -SOsNHs, 

x) alleyl sulfbnylamlno or aryl sulfonytamino, 
xQ -CONHR, or 

xii) -NH g R; 

40 f) a 5- to 7-membered carbocycflc or 7- to 10-membered bicycfic carbocyclic ring which is either 

saturated or unsaturated, such as cyciopentane, cyclohexane, indan, norbomane, or naphthalene, the 
carbocyclic ring being unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R Is H or Cm alkyl, 

46 iH) 

- COR. 

Iv) 
O 
II 

GO - CNR2, 

v) -CHaN% a 

vi) -S0aNR2; -S(0)yR and y =* 0. 1 or 2; 

vii) -NRa, 
viii) 

65 ? 
•NH CR, 

ix) Chalky!, 

x) phenyl, 
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xi) .CF 3 , or 
xii) 
R 

- N-SOzR; 

s g) benzofuryl, indolyl; azabicyclo C 7 . n cycloaikyl; or benzopiperidlnyl; 

R' 2 is -OH or -NHR 13 , wherein R' 3 is -H, 
O 
II 

- CH. -C^-alkyl, or -COOR; and 
<8> is 

ro 1) C3.7 cycloaikyl either unsubstituted or substituted with one or more of 

a) Cm alkyl. 

b) hydroxy, 

c) -NR*. 

d) -COOR, 
is e) -CONHR. 

f)-NHSQaR. 
9) 

o 

-NH 6 R, 
20 h)aryj, 

i) aryl substituted with Ct^alkyl, 
j) heterocycle, or 

k) heterocycle substituted with C t ^alkyl; 

25 2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy, 

b) -OR, 

c) -NHR 13 , 

d) -COOR, 



- C NRz, or, O 

f)-NH OR; 

35 3) 5 to 7-membered heterocycle such as imidazolyl, thiazolyl, furyl, oxazofyl, piperidyl, piperazinyl, 

pyridyl. or pyrazinyl, any of which heterocycle may be unsubstituted or substituted with one or more of 

i) halo, 

ii) hydroxy, 
Hi) NR2, or, 

40 iv) Cm alkyf; , 

QiS 




wherein R 3 and R 13 are defined above; 

X is 0, S or NH; and 

Wis 

1) OH, 

55 2}NH2, 

3) OR. or 
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4) NHR; 
B is. independently, absent, or 



-NH Z; 

V 



10 

J is 

1)YR U wherein: 
YlsOor NH, and. 
R 1 * is 

rs a >H: 

b) C 14 alkyl, unsubsfituted or substituted with one or more of 

i) -NHa. 
. ii)-OR, 

iii) -NHSOad.4 alkyl. 
20 iv) -NHS0 2 aryl, or -NHSOafdialkylaminoaryl), 

v) -CH 3 OR, 

vi) -Chalky!. 

vil) 

9 

25 -COR. 

viii) 

o 

• &NRa, 



30 



40 



ix) -N^^NR 2 l^-N&^lty / 

x) -NHCR. 
xi ) -NSO2CH3 . 
^OH 
xii) -NH^^O^Ph, 



xiii) *NRa« Ae wherein Ae Is a counterion, 
45 xiv) *NR 1S R 1S wherein R ,s and R 1S are the same or different and are alkyl joined together directly to 
form a 5-7 membered heterocycfe, 

xv) aryl, 

xvi) -CHO, 

xvii) -OPpXOFWs wherein Rx Is H or aryl, or 
50 ^ 

0 

•O- 6 -Ci^jaJkyl substituted with one or more of amine or quaternary amine; 
c) 4CfeCHk(%C% or -(CHaCH 2 0)« H; 

55 2)N{FT*Ji:or 

3) -NR 15 R 16 wherein R 1S and R 16 are defined above; 
4) 
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Y-fc-|Rl 7 



wherein: 

Y, R u and n are defined above, and 
to R 17 is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or Om alkyl, 

is in) 
O 

- COR, 

IV) 

O 
II 

so - C NRa, 

v) -CH 2 NRa. 

vi) -SQaNRa, 

vii) -NR§. 
viit) 

25 || 

*NH CR. 
xi)C,^aflcyl ( 
x) phenyl 
xl)-CF,. 
30 xii) 



l-SQaR, 

xiii) -Ci* alkyi -NRa, 

xiv) -OP(OXORx)2 wherein R x is H or aryl, or 
35 xv) 

? 

-0- C -C^aJkyi substituted with one or more of amine or quaternary amine; 

c) Heterocycle as defined below, unsubstituted or substituted with one or more of 
i) halo, n 
40 ii) -OR, wherein R is H, Chalky!, or d^aikenyi, , 

1 

•COR, 

Iv) 

« ? 
- CNRa, 

v) -CHaNR*. 

vi) -SOzNRj, 
vfl) -NRj, 

50 vii!) 



-NH CR, 
xi) Cm aOcyl. 

x) phenyl 

xi) -CF,, 

xii) 
R 

- N-S0 2 R. 
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xiii) phenyl C1-4 aikyl, 

xiv) •OP(0MORx)2 wherein R x is H or aryl, or 
II 

5 -0- C -Ci-4alky[ substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered carbocyclte or 7-10 membered bicyclic carbocyclic ring which Is either 
saturated or unsaturated, such as cyclopentane, cyclohexane, lndan, norbornane, or naphthaiane, the 
carbocyclic ring being unsubstituted or substituted with one or more of 
i) halo, 

10 11) -OR, wherein R is H or G\*4 alkyl, 

iii) 

? 

• COR, 

iv) -CNR2, 

v) -CH2NR2 

vi) -S02NR2, 

vii) -NR2, 
viii) 

-NH CR, 
xi) C,* aikyl. 

x) phenyl 

xi) -CF 3 , 
25 xii) 

R 

- A-SOaR, 

xiii) -0P(0)(0Rk)2 wherein R* Is H or aryl, or 
xiv) 

-0- C -Chalky I substituted with one or more of amine or quaternary amine; 
or pharmaceutical ry acceptable salts thereof. 



os m the compounds of the present invention, the A, Q, B and J components and the (ike may have 
asymmetric centers and occur as racemates, racemfc mixtures and as Individual diastereomers, with alt 
. isomeric forms being included in the present invention. 

When any variable (e.g^ aryl. heterocycte, R. R\ R 8 , RP. R*, R 7 , R 10 , R 11 , R 12 , R 14 , R ,s , R'«, R ,7 t Ae. n, 
Z, etc) occurs more than one time In any constituent or in formula I, its definition on each occurrence is 

40 independent of its definition at every other occurrence. Also, combinations of substituents and/or variables 
are permissible only if such combinations result In stable compounds. 

As used herein except where noted, "alkyl" is intended to include both branched- and straight-chain 
saturated aliphatic hydrocarbon groups having the specified number of carbon atoms (Me Is methyl, Et is 
ethyl, Pr is propyl, Bu Is butyl); "alkoxy" represents an alkyl group of indicated number of carbon atoms 

48 attached through an oxygen bridge; and 'cycloalkyl" is Intended to include saturated ring groups, such as 
cydopropyl, cyclobutyi, cydopentyl, cyclohexyl (Cyh) and cydoheptyl. "Alkenyl" is intended to Include 
hydrocarbon claims of either a straight or branched configuration and one or more unsaturated carbon- 
carbon bonds which may occur in any stable point along the chain, such as ethenyl, property!, butenyi, 
pentenyf, and the like. "Halo", as used herein, means fluoro, chtaro, bromo and todo; and "countenbn" is 

so used to represent a small, single negatively-charged species, such as chloride, bromide, hydroxide, acetate, 
trifluoroacetate, perch kxate, nitrate, benzoate, maleate, tartrate, hemitartrate, benzene sulfonate, and the 
like. 

As used herein, with exceptions as noted, "aryl" is intended to mean phenyl (Ph) or naphthy!,' 
"Carbocydic" is intended to mean any stable 5- to 7-membered carbon ring or 7- to 10-membered bicydic 
56 carbon ring, any of which may be s aturated or partially unsaturated. 

The term heterocycte, as used herein except where noted, represents a stable 5- to 7-membered mono- 
or bicydlc or stable 7- to 10-membered bicyclic heterocyclic ring which is either saturated or unsaturated, 
and which consists of carbon atoms and from one to three heteroatoms selected from the group consisting 



13 



EP 0 337 714 A2 



erf N, O and S. and wh rein the nitrog n and sulfur heteroatoms may optionally b oxidized, and th 
nitrogen heteroatom may optionally be quatemized, and Including any blcycllc group in which any of the 
above-defined heterocyclic rings Is fused to a benzene ring. The heterocyclic ring may b attached at any 
heteroatom or carbon atom which results in. the creation of a stable structure- Example of such heterocyclic 
elements include piperJdinyl, plperazlnyl, 2-oxopiperazlnyl t 2-oxopiperidinyl, 2-axopyrroiodinyt, 2-ox- 
oazepinyl, azepinyl, pyrrolyl, 4-pfperidonyl, pyrrolidine, pyrazolyl, pyrazolidinyl, imidazolyi, imidazoBnyf, 
imidazolidfnyl, pyrfdyl, pyrazlnyl, pyrimidlnyl, pyridazinyt, oxazolyl, oxazolidinyi, isoxazolyl, isoxazoJidlnyl, 
morphotinyl, thiazoiyl, thiazofidinyl, isothiazoiyl, qulnucfidlnyl, Jsothiazolidinyl, Indotyl, quinolinyl, 
isoquinolinyl, benzimidazoiyl, thiadiazofyl, benzopyranyl. benzothlazoiyl, bertzoxazotyl, furyl, tetrahydrofuryi! 
tetrahydropyranyl, thienyl, benzothieny!, thiamorphoiinyi, thlamorpholinyl sulfoxide, thiamorpholinyl suHbne, 
and oxadlazolyl. 

One embodiment of the compounds of the present Invention encompasses those compounds of 
Formula I in which B is independently present twice and Z is O. In this embodiment, it is preferred that J is 
NH 2 and Q is 

H "I X H 

I I I 

OH W OH 



A second embodiment of the compounds of the present Invention consists of those compounds of 
Formula t in which B is present once and 2 is O. In this embodiment it is preferred that Q is 



R 9 



H | X H 

I - I I 

OH W OH 

A third embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is absent in this embodiment, it is preferred that Q is 

Hi X H 

I I I 

OH W OH 

A fourth embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which Q is 

OH R 9 NH 2 R 9 

-NH^^^A^ or -NHvAlA^. 

A fifth embodiment of the compounds to the present invention encompasses those compounds of 
Formula I In which Q is 
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OH R 9 NH 2 R 9 

p 9 O R 9 O 



and B is absent or present once. 

A sixth embodiment of the compounds of the present invention encompasses those compounds of 
to Formula I in which Q is 



-NH- 



15 



OH R 9 NH 2 R 9 

R 9 O R 9 O 



B is absent or present once, and 



20 



28 



J is -NH— 



-C— 

R* 4 



1 



A seventh embodiment of the compounds of the present invention encompasses those compounds of 
90 Formula I in which 



A is 



R J 0 

•7 > " 



38 



OH R 



NHj R' 



C is -NH^Jx^Js^ or -Wk^s.^A^ 
R» O R* O 



50 



56 



B is absent or present once, and 



J is 



R 

-NH LC 



L* 14 J 



n 



Preferred compounds of the present invention are compounds I, II, HI, IV, V, VI, and VII as follows: 
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N » -( 1 . 1-d inethylethoxycarbonyl)-5 (S )-aaino-4( S )- 

hyrdroxy-6-phenyl-2(R)-<phenylnethyl)hexaaoyl-leucyl 

phenylalanylamide; 

Compound II: 




N-Benzyl-M' -< 1 . 1-<1 imethylethoxycarbonyl )-5 (S >-amino-4(S)- 
hydroxy-6-phenyl-2(R)-(phenyloethyl )hexanoyl-leucyl-aaide , 
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Compound III: 




M-benzvI-N 1 -<ia-dimethylethoxycarbonyl)-5(S)^amino- 
4(S)-hvdroxy-6-phenyl-2(R)-<phenylmethyl)-hexanoic 
carboxamide . 



Compound IV: 




N , -(l,l-dioethylethoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-6-cyclohexyl-2(R)-(phenylmethyl)hexanoyl« 
leucy 1-phenylalanylamide : 
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Compound V: 




N f -(1 • l-dinethyl€thoxycarbonyl)-5<S)-aaino-4(S)- 
hydroxy-6-phenyl-2(R)-<phenyimethyl)hexanoyl-leucyl- 
phenylalanine methyl ester; 

Compound VI: 




H • - ( 1 , 1 -d imethy 1 e thoxyc arbonyl ) -5 ( S )-a»i ao-4 ( S ) 
hydroxy-6-phenyl-2(R)-(phenylaethyl)heacaaoyl- 
isoleucylaaide: and 
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N-(2-( methanesulf onylanino )ethyl )-N • -( 1 . 1-dimethyl- 
ethoxycarbonyl)-5(S)-amino-4(S)-hydxoxy-6-phenyl-2(R) 
(phenylmethyl) hexanoyl-leucylamide. 



Other compounds of the invention include, but are not limited to: N'-(1.1-Dimethy!ethoxycarbonyl)-5(S)- 
26 amfrK>^S)-hydraxy'6-pr»nyl-2^ 

N-Benzyl-N\l,1«CHmethytetlK)xycerto^ 
leucyl-amide, 

5^SH(1 .1 -DlmethykrthoxycartwnyO^lnoJ^S^^ 
N -(1 ,1-Dimemylethoxyc^onyl^ 
30 phenylalanylarnlde, 

5(SH(1 .IrOimethy tethoxycarbonyl)amino W Leu-{4-hPtie>- 
amide, 

5(SH(Phenylmethyloxycarbonyi)aiTur^ 

S(SH(1 ,!<«methylethoxycarbonyl}aminoJ^S>^ydroxv^ LeihPhe-amide, 
36 3-(1 (S)-Ber2yioxycarbonylamino-2-phenylethy! phosphinyiV2(S.RHphenylmethyl)propanoy[-L-Lfiu-Phe- 
amide, 

r^[4-[(Benzytoxycarbonyl)amino]b^ 
(RhtphenylmethylJhexanoyhLeu-arnide, 
n'-(1 , 1 -Dimethy lethoxycarbonyl^ 
40 phenylalanine methyl ester, 

5(SH<M-Dirrwthyletho>cycart>^ Leucine- 
Phenylalanine amide, 
5(SH<1.1-Dimethylethoxycarbonyr^ 
amide, 

46 5(SH(1 >Dimemylethoxycarbom/^^^ 
hydroxy-1 (S)-(pheny!methyf)ethyl-Leu amide, 

5{SH(1 .1 Kfimethylethoxycarbonyl^ amide, 
M2-(Me<hanesulfcnyUuniro^ 
(ptenylmeihyQheocanoyMeucylamide, 
» 5($H(1 .l^n^ylethoxycarbonylj-amfnol^ amide, 
5(SH{1.1^n^y!ethGxy«ito^ 
hexanoyt-Leu-Phe amide, 

5(SH<1 ( 1-Dimethyletr»0^ 
amide, 

56 5(SH(1 ,1-DlmethylethQxyCTrbonyl)^ 
Leu-Ph amide, 

5(SH(1 .1 -Dimethyfethoxy<^ut>onyO 

5(SH(1 .1 ^Imethy lethoxycart>ony l)^inoH(S)-hydrt»cy-6^ 
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hydroxy-1(S>-phenylethyl)Leu amide, 
5(SH(1 ,1-Dimethy! thoxycarbOTyl>-amlno]^ 
acetamtdoethyQLeu amide, 
5<SM(1>DimemylethoxycarbonyIh^ 
phenylalanlne-amide, 
5(SH(l>Dimethylethc^carto^^ 
hydroxyethyl)Leu amide, 
3SH0.1-Oime%iethaxyc^onyl)^™ 
benzylamide, 

5(SH0 >Dime%iethoxycart»^ 
amide, 

4(SH(1 .1 -Dimethylethoxycarbony^ amide, 
5(SH<1,1-Dfmethyletha>^ 

dimethylamlnopropylHte-amide, 
5(SK(U-Dimemylethaxy<^Qny^ 
phenylalanine amide, 

5(SH(1.1-Dimethylethax^^ valine amide, 

5(SH(1 .1 -Dime%lethQxycartonyl^ 
benzyl ester, 

5(SK(1 .1 ^imethy tethoxycarbony l)^ 
N-benzyl amide, 

5(SH(1 .1 -Dimethytethoxyc^ony1)aminoH^ 
amide, 

5(SH(1 .1-Oimethyiethoxycarbonyl^^ amide, 

5{SH(1 .t-Din^ytethoxycarbonyl)aminoH(SH^ 

dimethylamino ethylHte amide, 

5($H(1 .1 -Dimethylethoxycafbonyi)amjnoH(S>-hydi^ 

pyridylmethyQJIe amide, 

5(SH0 . 1 -Dimethylethoxyc^ 

benzylamide, 

5(SH(1 .1 ^'niethylethaxycartxny^ 
amide, 

N-(Methyf-S-amiRo-WeQxy-2 ACHeopropylidene-jS-D-dbosy l)-5<SM1 .1 -dimethytelhoxycarbonylaminoH(S>- 
hydroxy-6-phenyl-2(R)(phenylmethylHiexanoyl lie amide, 
5(SH(1 J -Oimethylethoxycart»nyl)a^ 
neopentylglycine amide, 

N-(2(S,R)-Hydroxy-1 (R,SHndanyi>6<SH1 .1 <Hmethylethcxycarbony^ 

phenytmethylhexanamide, 

5(SHl,1^ime%tethaxycarbony^ 

phenylalanine amide, 

5(SH1 .1-Dimeihytethoxycarbony^ 

dimethylamino propyl)-Val amide, 

N^Methyf^amino-5<teoxy-^^>flbc«yl>^(SH1 ,1 ^Imethyiethoxycartwnyfamino^ 

(RHphenylmethyOhexanoyMIe amide, 

5(SH(1 .1 -OimethyiethoxycarbM^ 

butylglydne-benzylamWe, 

5(SH(1 ,1 -Dimethylethoxycarbon^ 

cfihydroxy-propylHIe amide, 

5(S)-[(1 ,l-D1meihyfethoxycarbonyl)amJTO 

cyctohexyIglyctne*amfde, 

5{S)-[(1 .1-Dfrnethylethoxyca^ 'yOhexanoy»-N- 
(tKlimethyl amino propyl) valine amide, 

N-(1 ,1-Dimethyiett^carton '- y l) 
hexanoyKS)^snylglycyl^4iydroxyethyi)amide, 
5{SH1 .1 -Dimethylelhoxycatf bonylamlno}^ 
(pheny1methyl)-vaHne amide, 

N-(cis-2(S,R)Hydroxy*1 <R,SHndanyl)-5(SH1 jKflmethylethoxycarbcmylamino)^S)-^roxy-6K4- 
benzyloxyphenylmetfiyl>-2(RHpbenyIm6thyl)hexanamide, 
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5<SK1 .1 -DimethylethoxycarbonylaminoH^ 
(imida2oM-yt)-Hhydroxym9thy1)-propyi>lle-anr(ide. 
4<SH0 11 -Dimethylethoxycarbonyl)amino]^SHiydroxy 
amide, 

5(SH0t1 -Dimethyl thoxyrabonyl)amlno}^SHiydroxy-0-^ haxanoyl - 

($H>henylglycine amide, 

5(SH(1 ,1 -Dimethy lethoxycarix>nyl)amlnoH^ 

amide, 

5{S)-[1 .1 •Dimethylethoxycarbonylaminol^SHiyd^ 
amide, 

N-(2(S or RHiydroxy-1A3 ( 4-tetrahydro-1(R or S)^aphttiyl>^SH1.1^lnwthylethoKycarbonylamino)^ 
hydroxy-€-phenyf-2(R)-phenylmethyi hexanamide, 

N-(2(R or SHtydroxy-IAa.^telrahydfo-ltS or R)^aphthyl>^SH1.1^memylethoxycarbonylamJno)^ 
hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide, 

N-(cis-2(S,R)-Hydroxy-1 (R,S)-indanyl)-5(SH1 J -dmethyle*oxycarbonyIamino)-4<S)-hydroxy^4- 

hydmxyphenyt)*2(R)-^enylnriethyihexanamide, 

5(S>-(1 .1 -Oimethy lethoxycarbonyf)amino^S)-hydroxy-6^eny 

hydroxypropyl>»Val-amide. 

N^d$-2(R)-Hydroxy*1{$Hndanyl)*<SH1.1^^ 

phenylmethyhhexanamlde, 

5(SH1 .1 -DimethylethoxytariDonyiamlro or R)-hydro)cy-6-pheny*-2(RHrftenylmethyl- 

hexanoyl-leu-Phe-amide, 

5(SH1 .1 -01me%lethoxycarbony!aminoH(3)-hydroxy-6^eny^ '-yf)-h8xanoyi-N- 

(2(R,S),3-dfhydroxypropyl)pheny1glydne amide/ 

5(SK(1 .1 ^methyiethoxycarbonyOamino]^S)^ 

benzimidazolyl methyl)lle amide 

5(SHl ii -Dimethylethoxycarbonylamino)^ 

lie amide, 

N-(Me<hy ^amlno^eoxy-/9-Dnribosy|)-5<SH'l . 1 -dimethy lethoxycarbony lamino>-4(S)-hydroxy-6-phenyh2- 
(RVphenylmethythexanoyWal amide, 

N-tMethyi-S-aminchSHdeoxy-Za,^ ,1 -dlmethyiethoxycart»nylamino)-4<S)- 

hydroxy-6-phenyl-2{RHphenylmethyl)hexanoyl-Val amide, 

5(SH1 .1^mefhylethoxycarbonyiamiru>^ 

methoxyethoxy)ethyi]Isoleudne amide, 

5(SH1 11 ^tmethytethoxycaitDonylaminoM(SHycto^ 

dihydroxypropyl)-phenylgtycine amide, 

[4(SH1f1~D{methylethoxycaitonylam 
amide, 

5($H0.1-D<methylethoxycarbonyl)am^ 
imtdazoiyQethyl] valine amide, 

N-(a>2(R>-Hvdn)xy*1 (SHndanyl)-5-<SH1 .1 ^imethytemoxycart»nylamlr»H(Shhydroxy^henyl-2(R>-^'- 
phenylprop-2 -en-1 -yl)hexanamide, 

N-(1(R or S), 2(S or RH5ihydroxy-3-(S or RHn<ianyl>5(SM1.1<finie%letfK^ 
$-phenyi->2(RHphenytmethy0hexanamlde, 

N-[2(R)-Hydroxy-1 (SHndanyl]-5<SH0 ,lKiimethyiemoxyc»bonyi)amii^ 
2(RHpheny1methy1) hexanamide, 

5(SH(1 A -DlmethytethoxycartonylJamirwH^ valine 
amide, 

^cfe-2(R)-HydrQxy-1 (S)-indanyl)-5(S)-((1 ^methylethaxycarixm^ 

Rxfophenyl)metfiyl)hexanamide, 

5(SM(1.1^imethylethoxycaitoonyl)am^ 

piperidinyl)ethyi)vaJine amide, 

5(SM0.1-D<meihylethoxycartx^ 

hydroxyethyl)valine amide, 

5(SH0.1-Bimethyiethoxycarbonyl^^ 

methoxyethoxy)4thoxy]elhyl)i90ieucEne amide, 

5(3H1 A -Dimethyiethoxycarbony lamino)^ 

dimethylaminonaphthylsulfonamldo)ethyj]isoi ucine amid , 
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5(SH1 .1-Dimethylethoxycarto 
die%lamino-2(R3HTydraxypropyl)vaHne amide. 

N-(1(R or S), 2(S or RK»hydroxy-3-(S or R)-indanyl)-5(SM1 .1<Ifmethylethoxycart)onyIarninoH(SHiydroxy- 
6K4-hydraxyphenyi)-2(R)^er^^ 

N-(ds-2(R)-Hydroxy-1 (S)-indany l)-5(S)-(1 ,1 <limethylethoxycartony^ 

dimethylamirrcmethy^hydr^ 

5(SH{1 >Ctfmethyiethoxycart)ony ^ 

benzimidazoylmethyl)valine amide, 

5<SH(1,1-OimetrTylettoxycarbony9am 

imidazol-4*yl))-1-hydroxymethyiethyl]vaIine amide, 

N-<cis-2(R)-Hydroxy-1{SHndanyl^ 

(RMphenylmethyl)hexanamide, 

5{SH(U^imethyfethoxycarbonyl^ 

dimethylam2nobenzyl)vaIine amide, 

5(SH(1.1-DimethylethQxycart^ 

benzimidazoiylmethyOphenylglydneamide, 

3f1 -(1 RH1 . tOimethylethoxycartwrrylamiro^ or R)-phenylmethy i-N-(2(R)- 

hydroxy-1-lndanyl)propanamide, 

5(SH(1.1-Dimetltylethaxycarto 

benzimidazolyl)vaiine amide, 

N^2(Rhhydroxy^(SHndanyl)^(S)-K4i3yrWinylmemo^ 

(phenytmethyl)hexanamide f 

W2(R)*ydroxy-l(SHndany()-N^ 

(pheriylmetnyQnexanamide, 

S^MI.l-Dimethylethoxycan^ 

dimethyiaminopropyl)-vaiine amide, 

^ben^l)-5(SH1,1^meth^^ 

valine thiomide, 

N-(1 (RJ^tShdihydroxy-atSHndanylhN'-tl ,1^imethyletr»xycarbony^ 
(3 phenylprop-2 en-yl)hexanamide. 
N44(^benzopyranylh5(SH1 rlKJimethylethox^ 
hexanamide, 

N-[4<R ( S)-bea2opyranyll-5(SH1 .1 ^ime%tethaxycarbonylamino>^S)*^ 
(phenylmethylJhaxanoykvaJine amide, 

N-(allyl-5^ino^eaxy-2,3^sop^^ ,1 -dimethylethoxycarbony !amino)-4(S>- 

hydroxy^^enyl-2(R)^enylfTwthyI)hexanoyt^n^ amide, 

5<SH(i.1^methy1ethGxycartxx^^ 

methylaminoethy1)-valine amide, 

NKcis-1^droxy<ycloperrt-2^ 

(phenytmethyi)hexanamJde, 

5(SH(1.lHfimethylethoxycarbonyl)amino>4{S^ 

5-isoxazoloyJ-methyi)vaJine amide, 

N-(cis-2(R)-hydro)cy-1 (S)^afiyl)-5(S)*berizylaxycan^ -4{S)-hydroxy-6-phenyl-2(RHphenylmethyl>- 
hexanamide, 

NK2^ydn^ethyl)-5(SH1,1^ 
isoteucyl-amide, 

5<SH1 .l^amethylethoxycarbonyiamiTO 
phenyl glycine amide, 

N-<cis-2(R or S)-aminocarbGnyM(S or R)-indanyf)-5(SH1 ,1 <lime<hyiethoxycartx)nylamino)-^S)-hydraxy-6- 
phenyl-2(RHphenylmethyi)hexanamkj0, 

NK2(R)-hydroxy-1 (SHndany|)-5<SH(1 .1 -dimethylethoocycarbony [)amino WH^droxy*(4-hydroxyphenyl)-2- 

(RH^hydroxyphenylmethyfthexanamide, 

N-(cis-2(R or SKarboxy-1 (S or RHrxtenyl>-5{SH1.1^ethyle 

2(RHphenylmethyf)hexanamide l 

N-(cis-2(RHiydroxy-1 (S)-indanyi)-5-(1 ( 1 ^methylethoxycarbony^ 
nitrophenylmethyl)hexanarnlde, 
5(SHl.1-dimethylemoxycarbontf 
hydroxy thyl)-phenylglyclne amide, 
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N-(cis-2(R)-hydroxy-l{SHndanyl>-5(SH1 l 1^im©thylethoxycarbonylamin 
aminophenylmethyl)-hexanamide ( 

n'-(1 .1 -dlmethytethoxycarbony l)-5(S)-amlno-4<S)-hydroxy-6-pheny l-2(R)-(phenylmethyI)h xanoyl-N-[3-((4'- 
morpholino)propyl)]-valine amide, 

N-[5-amino-5-deoxy-D-ribosy I J-5{SM1 .1 -dimethy lethoxy carbony lamlno>-4<S)-hydroxy-6-phenyf-2(R)- 
phenylmethyl-hexanoyl-valtne amide, 

N-(5-amino-5-deoxy -2,3,0-fsopropy iidene-D-ribosyl>-5(SH1 . 1 -dimethy lethoxycaifcony1amino)-4(S)-hydraxy-6- 
phenyl-2(RHphenylmethyl)hexanoyl-vaitne amide, 

5(S)-[(1 . 1 -dimethy lethoxycarbony l)amlnoh4<S)-hydroxy-©-pheny i-2(R)-(pheny lmethyl)hexanoyl-N-{4- 
pyridyimethyl)va!ine amide, 

5(S)-[(1 ,1 -dimethy lethoxycarbonyl)aminoh4{S)-hydro^ 
pyridylmethyl)valine amide, 

5(SH(1 . 1 -dimethy lethoxycarbonyl)aminoH(R)-benzy l-4(S)-hydroxy^henyihexanoyl-N-(2-{2-(2- 
methoxyethoxy)ethoxy]ethyl)valine amide, 
5{SH(1 .1 -dimethy lethoxycarbonyl)aminoh2(S^ 
pyrldylmethyijvaline amide, 

N-[ds-3(S)-hydroxy-4{S)-benzopy ranyfl-5<SM1 .1 -dimethy iethoxycarbony la^ino)^S)^ydroxy-6-phenyl-2{R)- 
phenylmethyl-hexanamide, 

N-(1 a2S-dihydroxy-3S-indany l)-5(S)-(1 ,1 -dlmethylethoxycarbony lamino)^Shhydro)<y-6-<4'-hydroxyphenyl)- 
2(RH4-hydroxyphenyl)methyihaxanamfde, 

N-(cis-2(R)-hydroxy-1 (S)-indanyl)-5(SH1 ,1-dime%tethoxycarbonyiamino)^S)^ydroxy-e-phenyi-2(R>- 
(phenylthiomethyl)hexanamide, 

Diiithlum N-(2-phosphorytoxyethy i)-5(S)-(1 ,1 -dimethy lethoxycarbonyJamino)-4(SHiydroxy-2(R)- 

(phenylmethyl)hexanoyMsoleucylamide, 

I^Methyt-5-amino^-deoxy-{o^}-D-xylosy I)-5(3M1 ,1 •dimethylethoxycarbonylamrno)^SHiydroxy-6^>henyl- 
2(RMphenylmethyl)hexanoyHle amide, 

5(SH(^yrWylmethoxycarb^ 
benzimidazolylmethyl)-He amide, 

N-(ds-2(R)-hydroxy-1 (S)-indanyf)-5(SH1 - 1 -dimethyiethoxycartony lamino)-4(S)-hydroxy-di)henyl-2{RH4-- 
(1,1 -dimethy Iethy1)phenylmethyt)hexanamide, 
or pharmaceutical^ acceptable salt thereof. 

The pharmaceuticalJy-acceptable salts of the compounds of Formula I (in the form of water* or oil- 
soluble or dtspersible products) include the conventional non-toxic salts or the quaternary ammonium salts 
of these peptides, which are formed, e.g., from inorganic or organic acids or bases. Examples of such acid 
addition salts include acetate, adlpate, alginate, aspartate, benzoate, benzenesuffonate, btsutfate, butyrate, 
citrate, camphorate, camphorsuffonate, cydopentanepropionate, ^gluconate, dodecylsulfate, ethanesul- 
fonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-naph- 
thalenesulfonate, nicotinate, oxalate, pamoate, pectinate, persulfate, 3-phenylpropk>nate, picrate, pfvalate, 
propionate, succinate, tartrate, thiocyanate, tosylate, and undecanoate. Base salts include ammonium salts, 
alkali metal salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicyclohexyiamine salts, N-methyhO-glucamlne, and 
salts with amino acids such as arginine, lysine, and so forth. Also, the basic nitrogen-containing groups may 
be quatemfzed with such agents as lower alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, 
bromides and iodides; diaikyl sulfates [ike dimethyl, diethyl, dibutyl; and dfamyl sulfates, long chain halides 
such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and 
phenethyi bromides and others. 

HIV protease inhibitors of Formula I may be prepared in accordance with well-known procedures for 
preparing peptide analogs from their constituent amino acids or analogs thereof. In general, once the Q 
substftuent is made, the rest of the synthesis follows the principle of amide bond formation by the coupling 
methods of either solution-phase or solid-phase peptide synthesis. The addition and removal of one or more 
protecting groups Is also typical practice. 

Structures and abbreviations for the G components of the inhibitors of the present Invention include: 
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R 

OH / 

1 • \AA/° h 

R* O 



» 



70 



15 



20 



30 



50 



a hydraxyethylene dipeptide isostere prepared, for example, by an intermediate lactone according to Evans, 
B.E et al J. Org. Chem. 50, 4815(1985) or Kempf, DJ. J. Org. Chem. 51, 3921(1986). Synthetic routes to 
similar peptide bond isosteres, such as 




0 5 H 



Cal(CHCOH)CH2] Val. 

are readily available. The Intermediate 80OCaitCH(0H)CHalVaK)H redone is obtained from intermediates 
prepared using methods described by P. Buhtmayer et al, in Published European Patent Application 
1 84,550- A2. Other synthetic routes to peptide bond isosteres of like character are described In the 
following: 

a Szelke et al, in Peptides. Structure and Function. Proceedings of the Bghth American Peptide 

Symp(ed. VJ. Hruby and Oil Rich) pp. 579-aaPierce Chemical Co., RockfordJU 

b. D.T. Pals et al In European Patent Appln. 173,481 -A2; 
c AJH. Fray 3 al, J, Org. Chem., 51 f 4828-4833 (1986); and 
d. M. Szelke etaj, PCT int Appl. WO 84 03.044; 

Structures and abbreviations far other G components of the inhibitors of the present invention include; 



VJ 

3. ' H- 



55 



H OH O 
ACHPA 

with BOC-ACHPA-OEt being prepared by the method described by Soger et al., J. Med. Cnern., 1985, 2a 
1779-1790; — 
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s 




70 

Statin© (Sta) 



with BOC-Sta-OEt being prepared In accordance with the procedure described by Rich et al., J. Org, 
, 5 Chem., 43, 3624 {1 978); 



20 




H OH 0 
AHPPA 

30 with BOC-AHPPA-OEt being prepared as described by Rich et aL, J. Org. Chem., 23. 27-33 (1980); 



45 



7. 




60 H NHfe O 

Anfita 

ss with BOC-AmSta(CBZ)-OH being prepared as shown in the following Scheme, and BOC-AmACHPA(CBZ)- 
OH being prepared as illustrated In the Scheme by substituting BOC-ACHPA-OEt for BOC-Sta-OEt: 
Synthesis of protected 3-amino-3-deoxy-(3S, 4S)-statine: 
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r-t. 



t 



pyridine 
1-3 hr. ^ 



0 
ii 

CH3-S-CI (1.1 eq.) 
0 



1 



Evap.. 35 # C 
Pump 2-4 days 

Aqueous workup 

EtOAc/lOX citric acid (Pre-shaken before 

dissolving up 
. crude product) 

Oiled out from 
EtOAc/Eexane 



BOC-NH 




;OEt Sweater than 951 yield 

greater than 95% purity (TLC, NMR) 
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CDC1 3 j (nBu) 4 A 3 © 

| 1 eq., 45'C, 18 hr. 



r 




BOC-NH V C-OEt 

it 

•3 .0 



+ 20% elimination 
Aqueous 

workup 1001 elimination 



CHCl 3 /EtOH 



Pt0 2 /H 2 

40 lbs . , 4 bz . 



BOC-NH 




The amine is isolatBd by extraction into weak arid.'ProtecBcn of the amine function is performed as follows: 




BOC-NH Y C-OEt 



NH 2 0 
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(predominantly R at position 3 
25 as shown). 



Base hydrolysis gives the free acid for incorporation into the synthesis of the compounds of Formula I; or 
alternatively, this material may be prepared as described by Jones et aJ, in Peptides, Structure and 
30 Function, Proceedings of the Ninth American Peptide Symposium (eds. 51 HXi Deber, V.J. Hruby and \Cq. 
Kopple) pp. 759-62, 1965, Pierce Chemical Co,, Rockford, IL; Arrowsmith et ai, J. Chem. Soc. Chem. 
Commun. 755-7 (1986); and Raddatz et al Published Eur. Pat Appl 161,588; 
with efficient methods for preparing the ^substituted statins component Q (such as 



40 

8. 




H OH O 



(2-isobutyl)ACHPA 



60 in a suitably protected form being described In Pub. Eur. Pat Appln. 157,409 (with other pertinent 
references including D. Veber et al, Blochem. Soc. Trans., 12, 956-959 (1984) and H. Stein et al. Fed. Proa 

45. 869, Abstract No 4151 (1986)r . ~ 

Amide couplings used to form the compounds of this invention are typically performed by the 
carbodiimid method with reagents such as dicyclohexyicarbodiimid , or N-ethyl, n'-(3- 

55 dimethylaminopropyl) carbodiimide. Other methods of forming th amid or peptide bond include, but are 
not Qmtted to synthetic routes via an add chloride, azide, mixed anhydride or activated ester. Typically, 
solution phase amide couplings are performed, but solid-phase synthesis by classical Merrifield techniques 
may be employed instead. 
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The selection of protecting groups is. In part, dictated by particular coupling conditions, in part by the 
amino acid and peptide components involved in the reaction. Such amino-protecting groups ordinarfiy 
employed include those which are well known in th art, for exampl , urethane protecting substftuents such 
as benzyloxycarbonyl (carbobertzoxy), p-methoxycarbobenzoxy. p-nitrocarbobenzoxy, t-butyloxycarbonyi, 
5 and the like, It is preferred to utilize t-butyloxycarbonyi (BOC) for protecting the o-amlno group in the amino 
acids undergoing reaction, at the carboxyl end of said amino acid, in part because the BOC protecting group 
is readily removed by relatively mild acids such as triflucroacteic acid (TFA), or hydrogen chloride in ethyl 
acetate. 

The OH group of Thr, Tyr or Ser and analogs thereof may be protected by the Bzl (benzyl) group and 
w the epsilon-amino group of Lys may be protected by the IPOC group or the 2-chlorobenzyloxycarbonyl (2- 
CI-CBZ) group. Treatment with HF or catalytic hydrogenation are typically employed for removal of IPOC or 
2-CI-CBZ. 

One scheme for preparing compounds of Formula I is presented below. Example I specifically 
illustrates the application of the following Scheme (I) to specific compounds. 



T5 



20 



36 



40 



SCHEME I 



(CK J ),SiCn I ^Cl OH ,} SF »' tt *° 



a 



T 2) diethyl mlonec*. i^OcooSt 
^ » odium •choxide » 



b 



-vcfc 



Illustrations of the product of Scheme t includes the following compounds of Table I 
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TABLE I 





-CH 2 Ph 
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PhCH2- 



70 



75 



20 




CH3(CH2>3- 



oo 



35 



40 



45 



SO 



PhC^O 



CH3 

PhCH20^E- 



(CH3>2CHCH2- 

PhCH 2 - 
<CH3>2CH- 



-CH2PH 




-CH 2 CH(CH3) 2 



CH3 
-CHCH2CH3 

•CH2PIX 



55 
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B groups are added onto th carboxyl terminal end by. for example, amide coupling in Schem II. Se 
Example 1 for specific illustration. 

SCHEME II 



15 



20 



25 




jo Products of Scheme II include compounds with substituents listed in Table II. 
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TABLE TT 




-CHj-CH-CB-Ph 

«CB 2 Pb 

-CH 2 Ph 
-CHjPh 

-CH 2 Ph 
-(CHjJjCH^ 



-CH 2 Ph 




-LeuPtM(NH 2 j 



-UunM(NB 2 ] 
-Ilt[NH 2 ] 

-LcuNS. KHSO2CH3 



V 



-LcuPhcfOCHj] 
-LetiFherKH 2 l 
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CH 3 (CH 2 ) 3 - -CHjfh -UuFh«{NH 2 ] 



fh 



PhCH 2 -CH 2 P^ " U ^\/ / \/ N(CH3)2 



PhCH 2 - *CH; 




0 

0 N 



PhCh 2 - -CH 2 Pb -UuNH N ^^ / — NHCCH3 



PhCH 2 - -Cfl 2 Ph 



Ofl 
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PhCH 2 - 



-CH 9 Ph 



-UuPfa* 



PhCH,- 



-OUPh 




PhCH 



-ca 2 Ph 



FhCH 2 0~CH 2 - 



-CH 2 -Ch 2 -CH 2 -Ph -IlePfae (NH 2 ] 



PhCH 2 0-CH- -CH 2 Ph 



PhCH 2 - 



-CHz* h _ -(CH 2 ) 2 NRS0 2 CH3 



PhCH 2 - 



-CH 2 -CS»CH-Ph -XleNB 




PhCH 2 - 



-CH 2 Ph 



Additional J groups are added by Schemes Ilia and lib. 
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"1 * e 



70 



tfWm oh i£ 

"I • 



See also Example 4. Product compounds include those of the following Tables Ilia & Mb. 

" TABLE Ilia 



20 

ob »; 

BOCKH 



25 



30 




40 



SO 
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— £3* Efc 2 -NB-RiA and rtfhwr J groups 

PhCH 2 -CH 2 Ph . -NH-<CH 2 ) 2 CH<CH 3 ) 2 

PhCH 2 -CH 2 Ph -NH-CH 2 -^^^sNH 2 



PhCH, 



PhCH 2 -CH 2 Ph 



-CH 2 Ph -NH-CH 2 




CE3 



CI 



PhCH 2 -CH 2 Ph -HH-CH 2 -^^ 



CI 
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TABLE Illb 



OH R» 



BoeNH ^ JL ^Wtf 




B a 2 fy* JfflW*. 



/ — \ 

PhCH 2 -CH 2 Ph -W N-CH 3 



PhCH 2 -CH 2 P& -N^ « 



PhCH 2 -CH 2 Ph 



-O 




PhCH 2 -CH 2 Ph N, 

a benzopiperidinyl J group 

m *_ — JfcW- 

OMB 2 

PhCH 2 -CH 2 Pb 
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The compounds of the present invention are useful in the inhibition of HIV protease, the prevention or 
treatment of infection by the human immunodeficiency virus (HIV) and the treatment of consequent 
pathological conditions such as AIDS. Treating AIDS or preventing or treating infection by HIV is defined as 
including, but not limited to r treating a wide range of states of HIV infection: AIDS, ARC (AIDS related 
complex), both symptomatic and asymtomatic, and actual or potential exposure to HIV. For example, the 
compounds of this invention are useful in treating infection by HIV after suspected past exposure to HIV by 
e.g.. blood transfusion, accidental needle stick, or exposure to patient blood during surgery. 

in the present invention, compounds with asymmetric centers may occur as racemates, racemic 
mixtures and as individual diastereomers, with all isomeric forms of the compounds being included in the 
present invention. 

For these purposes, the compounds of the present invention may be administered orally, parenteraKy 
(including subcutaneous injections, intravenous, Intramuscular, intrastemal injection or infusion techniques), 
by inhalation spray, or rectally, in dosage unit formulations containing conventional non-toxic 
pharmaceuticaiiy-acceptable carriers, adjuvants and vehicles. 

Thus, In accordance with the present invention there is further provided a method of treating and a 
pharmaceutical composition for treating HIV infection and AIDS. The treatment Involves administering to a 
patient in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
therapeuticaily-effective amount of a compound of the present invention, or a pharmaceuticaiiy-acceptable 
salt thereof. 

These pharmaceutical compositions may be in the form of orafly-administrable suspensions or tablets; 
nasaJ sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous 
suspensions or suppositories. 

When administered orally as a suspension, these compositions are prepared according to techniques 
well-known in the art of pharmaceutical formulation and may contain mterocrystalttne cellulose for imparting 
bulk, alginic add or sodium alginate as a suspending agent, methylceflulose as a viscosity enhancer, and 
sweetners/flavoring agents known in the art As immediate release tablets, these compositions may contain 
microcrystailine cellulose, cficaidum phosphate, starch, magnesium stearate and lactose and/or other 
exctpients, binders, extenders, disintegranta, diluents and lubricants known in the art 

When administered by nasal aerosol or Inhalation, these compositions are prepared according to 
techniques well-known in the art of pharmaceutical formulation and may be prepared as solutions In saflne. 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability! 
ftourocarbons, and/or other solubiliztng or dispersing agents known in the art 

The injectable solutions or suspensions may be formulated according to known art. using suitable non- 
toxic parenteraliy-acceptable diluents or solvents, such as mannitol, 1,3-butanedol, water, Ringer's solution 
or isotonic sodium chloride solution, or suitable dispersing or wetting and suspending agents, such as 
sterile, bland, fixed oils, including synthetic mono- or dlglycerides, and fatty acids, including oleic add. 

When rectally administered in the form of suppositories, these compositions may be prepared by 
mixing the drug with a suitable non-irritating excipient such as cocoa butter, synthetic glyceride esters or 
polyethylene glycols, which are solid at ordinary temperatures, but liquidity and/or dissolve in the rectal 
cavity to release the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatment or 
prevention of the above-indicated conditions, with oral doses two-to-five times higher. For example, infection 
by HIV is effectively treated by the administration of from 10 to 50 milligrams of the compound per kilogram 
of body weight from one to three times per day. ft win be understood, however, that the specific dose level 
and frequency of dosage for any particular patient may be varied and will depend upon a variety of factors 
including the activity of the specific compound employed, the metabolic stability and length of action of that 
compound, the age, body weight, general health, sex, diet, mode and time of administration, rate of 
excretion, drug combination, the severity of the particular condition, and the host undergoing therapy. 

TTie present invention is also directed to combinations of the HIV protease-lnhibitory compounds with 
one or more agents useful in the treatment of AIDS. 

For example, the compounds of this Invention can be given in combination with the antivirals, 
immunomodulaters, antibiotics or vaccines or other derivative forms thereof as listed in the Table IV 
[source: Marketletter, Nov. 30. 1887, pp. 26-27; Genetic Engineering News, Jan. 1988, Vol. 8, 23]: 
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Prug Wane 
AL-721 



TABLE IV * 
A. Antlvirals 
Manufacturer 
Ethigen 



ARC, PGL 



BETASEROH 
(interferon beta) 



Triton Biosciences AIDS, ARC, ICS 



CARRISYN Carrington Labs 

(polymannoacetate > 



ARC 



CTTOVENE 
(ganciclovir) 



Syntex 



CMV 



DEC Hoffmann-La Roche AIDS, ARC 

• (dideoxycytidine) 



Abbreviations: AIDS (Acquired Immune Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness oz death in AIDS 
patients); HIV (Human Immunodeficiency Virus, 
previously known as LAV, HTLV-IH or ARV); KS (Kaposi's 
sarcoma); PC? (Pneumonocystis earinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
lymphadenopathy) . 
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Drug Nam* 
FOSCARNET 
(trisodium 
phosphonof ormate) 

HPA-23 

ORNIDYL 
(eflornithine) 

PEPTIDE T 
(octapeptide 
sequence) 

RETICT7L0SE 
(nucleophospho- 
proteia) 

RETROVIR 
advanced 
(zidovudine; 
AZT) 
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Manufacture 
Astra AB 

Rhone-Poulenc Sante 
Men ell Dow 

Peninsula Labs 

Advanced Viral 
Research 

Burroughs Wellcome 



Indieariftw 
HIV inf , CMV 
retinitis 



HIV infection 
PCP 



AIDS 



AIDS, ARC 



AIDS-, 
ARC 

pediatric 
AIDS, 

KS, asympt 
HIV, 

less severe 
HIV. 

neurological 
in- 
volvement . 
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nniff Name 
RIFABUTIN 
(ansamycin LM 427) 

.(trimetrexate) 

UA001 



VIRAZOLE 
(ribavirin) 

VELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



Manufacturer 
Adria Labs 

Warner-Lambert 

tJeno Fine Chem 
Industry 

Viratek/ICN 
Burroughs Wellcome 
Burroughs Wellcome 



Indication 

ARC 



PCP 

AIDS, ARC 



AIDS, ARC, KS 



KS, HIV, in comb 
with RETROVIR 

AIDS, ARC, in 
comb with 
RETROVIR 



s. lanmnoBOd^latgrti 



Drug Name 

ABPP 

KS 

(bropirimine) 



Manufacturer 
Upjohn 



Indication 
Advanced AIDS, 



AMPLI6EH 
(mismatched RNA) 



DuPont 

HEM Research 



ARC. PGL 



(Anti-human alpha Advanced Biotherapy AIDS, ARC, KS 
interferon Concepts 
antibody) 
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Colony Stimulating 
Factor (GM-CSF) 

CL246.738 
(CL246.738) 

IMREG-1 



IMRZG-2 



IHUTHIOL 
(diethyl dithio 
carbamate) 

Pray Name 
IL-2 

( inter leukin-2) 

* 

IL-2 

(inter leukin-2) 
INTRON-A 

(interferon alfa) 

ISOPRINOSINE 
. (inosine pranobex) 

(methionine 
enkephalin) 



Sandoz Genetics 
Institute 

American Cynamid 

Imreg 

Imreg 

Merieux Institute 



Manufacturer 
Cetus 

Hoffmann-La Roche 
Immunex 

Schering-Plough 
Newport 

Pharmaceut i cals 
TNI 

Pharmaceut i cals 



AIDS, ARC, HIV, 
KS 

AIDS 



AIDS, ARC, PGL, 
KS 

AIDS, ARC, PGL, 
KS 

AIDS, ARC 



Indication 
AIDS, KS 



AIDS, KS 



KS 



ARC, PGL, HIV 

seropositive 

patients 

AIDS, ARC 
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MTF-PE 

(nroramyl-tripep- 
« tide) 

THYH0PENT1N (TP-5) 
1Q (thymic compound) 

ROFERON 

(interferon alfa) 

is 

(recombinant 
erythropoietin) 

20 

TREXAW 
(naltrexone) 

25 

TNT (tumor 
*> necrosis factor) 



Drug Fame 
PENTAM 300 
40 • (pentamidine 
isethionate) 



Ciba-Geigy 
Ortho 

Pharmaceuticals 
Hoffmann-La Roche 

Ortho 

Pharmaceuticals # 

DuPont 

Genentech 

C. AntiMoticg 

Manufacturer 
LyphoHed 



KS 



HIV infection 



KS 



severe anemia 
assoc with AIDS 
& RETROVIR 
therapy 
AIDS, ARC 



ARC, in 
combination 
interferon gamma 



Indication 
PCP 



D. Vaccines 



Any one of a variety of AIDS or HIV vaccines presently under study and -development can be used In 
combination with the compounds of this invention or satt or derivative forms thereof, in the treatment or 
prevention of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of the compounds of this invention with AIDS 
antMrafs, immunomodulators, antibiotics or vaccines is not limited to the list in the above Table, but 
includes In principle any combination with any pharmaceutical composition useful for the treatment of AIDS. 



SYNTHESIS 
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The preparation and synthesis follows, in general. U.S. Patent 4,661,473; Evans, B.E. et aJ, J. Org. 
Chem.. 50. 4615, (1985) and Evans. B.E. at aL. "A Stereocontrofled Synth sis of HydroxyethyIene"blpep535 
Isosteres," Proc. Am. Pept Symp.. 9. 743-6(198), and Luly, J,R et al. J. Org. Chem. 52, 1487 (1987), ail 
herein incorporated by reference. ~ 



EXAMPLE 1 



Preparation of N-(l l l-Dime%tethoxycarbonyl)^ 

hexanoyl-UucyPphenyialanyl amide, Compound"! ' — " ' 



Step A: Preparation of N-3(SH(1>Oirnethylethoxycaft^ 

butane: ■ " 

To a stirred suspension of magnesium turnings (9.79 g, 403 mmol) in dry diethyl ether (200 mL) under 
nitrogen was added chJoromethyltrimethylsilane (50 mL 358 mrnol). The reaction was initiated by gentle 
warming and then was cooled in an ice bath to maintain gerrtie reflux. After exotherm was complete the 
reaction was stirred at room temperature for 1 hour then cooled to -78* C in a dry ice/acetone bath. To the 
solution of the Grfgnard was added dropwise with stirring a solution of N-2(SH(1 ,1 <limethy(ethoxycarbonyl)- 
aminoJ-3-phenyl propionaldehyde (193 g, 77.4 mmol) In dry diethyl ether (250 mL) dropwise such that the 
temperature of the reaction remained below -55* C. The resultant gray suspension was allowed to warm to 
room temperature where it was stirred for 30 minutes then was quenched by pouring into a mixture of ice 
(500 g) and 10% citric acid (500 mL). The organic phase was collected and the aqueous phase was 
extracted with diethyl ether (3 X 300 mL). The combined organics were washed with 10% citric acid (1 X 
300 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give crude N-3(SH(1.1^irnemylethoxyca^ butane (28.6 

g, quantitative crude yield) as a yellow oiL An analytical sample was obtained by low pressure chromatog- 
raphy (silica gel, 230-400 mesh; diethyl ether, hexanes, 30%:70%) followed by recrystallization from 
heptane, mp = 91-95* C: 



elemental analysis. CaJcd. for C18H31NO3SI (337.53): 



c = 


64.05, 


H a 


9.26, 


N = 


415* 


c * 


64.05, 


H * 


9.13. 


N = 


4.22; (<*]o20 = -4O.0'' 



Step B: Preparation of 3(S>Amino-4*phenyH-butene. 

To a stirred solution of the product of Step A (2ZB g, 67.5 mmoL) in dry methylene chloride (400 mL) 
cooled in am ice bath and under nitrogen was added in a fine stream boron trffluoride etherato (43 mL, 346 
mmol). The solution was allowed to warm to room temperature where it was stirred for 4 days. Reaction 
was cooled in an ice bath and quenched by the dropwise addition of 10% sodium hydroxide (400 mL). The 
organic phase was collected and the aqueous phase was extracted wftft methylene chloride (2 X 250 mL). 
The combined organics were washed with brine (1 X 200 mL), dried over anhydrous magnesium sulfate, 
filtered, and concentrated to give crude 3(S)-amino-4-phenyM -butane (14,2 g) as a yellow oil 



Step C: Preparation of l^(SH(1.1-Dimethylethoxyc^ 

A solution of the product of Step B (142 g) and dhterttnityl dicarbonate (31.0 g, 142 mmoL) In dry 
methylene chloride (200 mL) was stirred at room temperature for 18 hours, washed with 10% citric add (3 
X 100 mL), water (1 X 100 mL), satd. sodium bicarbonate (3 X 125 mL), and brine (1 X 250 mL), dried over 
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anhydrous magnesium sulfate, filtered and concentrated to yield crude N-3(S)-1[(1 t 1*dimethylethoxycar- 
bonyl}aminoH-phenylbutene (34.6 g) as a yellow oil. Crude product was purified by low pressure 
chromatography (silica gel, 230-400 mesh t 10 X 20 cm column; dlethylethen hexanes. 20%: 80%) to yield 
N-3(SH(1,1^imethylethoxyl<^ony0aminoH-ph nyM-buten (16.3 g, 97.6% yield) as a white solid. An 
5 analytical sample was obtained by recrystallizatton from heptane- mp = 67.5-68.5* C; 



elemental analysis. Calcd. for C15H21NO2 (247.34): 



c = 


72.84, 


H = 


8.56. 


N = 


5.66. 


c « 


7278, 


H = 


8.76, 


N = 


5.64. 



Step D: Preparation of 1(HHl\SKlJ-Oimethylethoxycarb^ 

To a solution of the product of Step C (9.4 g, 38 mmol) in dry methylene chloride (100 mL) cooled in an 
ice bath and under nitrogen was added 3-chIoroperoxybenzotc acid (technical grade, 80-85%; 41 g, 200 
mmol). The mixture was stirred at 0*C for 18 hours and 25* C for 23 hours, then diluted with diethyl ether 
(300 mL), and poured in ice cold aqeous 10% sodium sulfite (1 L). The organic layer was collected and the 
aqueous layer was extracted with diethyl ether (3 X 100 mL). The combined organ Ics were washed with 
10% sodium sulfite (3 X 100 mL), satcL sodium bicarbonate (3 X 100 mL), and brine (1 X 100 mL), dried 
over anhydrous sodium sulfate, filtered and concentrated to give a white solid. Crude product was purified 
by low pressure chromatography (siHca gel 230 - 400 mesh, 8 X 15 cm column; ethyl acetate: hexanes, 
25%:75%) to yield 1(R)-{1 (SMI.I^etoylethcwycwto (7.0 g, 70% yield) 

as a clear oil which crystallized upon standing. An analytical sample was obtained by recrystaJflzation from 
heptane, mp 3 51.5-52* C; 



30 



elemental analysis. Calcd. for C15H21 NO2 (263.34): 





C = 


68.42, 


H * 


ao4, 


N » 


5.3a 


Found: 


C » 


6U22. 


H = 


826, 


N * 


5.29; [at 20 = 1,34* 



35 

Step E: Preparation of(5SySh3<arboethoxy^H(^^ 
cfihydroTuran-2-{3H)-one. ! 

The product from Step D, 9.93 g, was dissolved in 100 mL of absolute ethanbl and added to a solution 
40 of 2.6 g of sodium and 20.1 mL of diethyl magnate in 170 mL of absolute ethanol. After stirring ovemite, 
the reaction was acidified to pH 4 with 10% citric add and extracted with 2 X 500 mL of ether. The 
combined organic extracts were washed 1 X 500 mL H20, 1 X 500 mL safd NaHCOa, 1 x 500 mL safd 
brine and dried over MgSO*. The solvents were removed and the crude product purified by low pressure 
chromatography on silica gel etuting with 50% ether/hexanes (or EtOAc/hexanes). The yield of semi-solid 
45 product was 10.6 g. The later fractions contained 2.5 g of the undesired 5 R isomer as a white solid. 



Step F: Preparation of (5S,1 S-)3-cartX3ethoxy'3-phenylmethyl-5-(1 -((1 J Kfimethy [ethoxycarbonyl)-amlno>-2'- 
pheny!ethyl)dihydrofuran»2*(3H>'One. 

so 

The product of Step E, 10.6 g, was dissolved in 100 mL of abs. ethanof containing 3.7 mL of benzyl 
bromide and added to a solution of 0.71 g of sodium in 100 mL of absolute ethanol. The solution was 
heated to 50* C for 1.5 hours, then cooled in an ice bath and acidified with 500 ml of 10% citric acid. The 
mixture was extracted 3 X 500 mL of ether and the combined ether extracts washed with 400 mL of H2O, 
56 400 mL of brine, dried (MgSOt) and the solvent removed under reduced pressure to give 13.6 g of a clear 
colorless oil which was essentially homogeneous by TLC (25% ethyl acetate/hexanes). 
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Step G; Preparation of (3R t 5S/Sh3-benzy^5KH(1>lK«me^ 

dihydrofuran-2-{3H)-one. ~" " ' —————— 

The product of Step F, 13.6 g, wa9 dissolved in 2S0 mL of 1,2-dimethoxyethane, and to it was added 
117 mL of 1 M lithium hydroxide at room temperature. After stirring for 12 hours, the solvents were 
removed under reduced pressure, the residue suspended in 200 mL of 10% citric add and extracted 3 X 
500 mL of diethyl ether. The combined ether extracts were washed with 500 mL of brine, dried (MgSOi) 
and the concentrated to dryness. The residue was dissolved in 250 mL of toluene, heated to reflux tor 12 
hours, then concentrated to dryness under reduced pressure. Purification by medium pressure chromatog- 
raphy over silica gel eluting with 15% ethyl acetate/hexanes gave 3.2 g of the 3R-lactone as a clear foam. 
Further elution with the same solvents gave 6.15 g of the 3S-lactone as a white solid. 



Step H: Preparation of N'-(l,l<lime%lethaxyc^^ 

silyloxy)-6i3henyl-2(HHphenylmett^ acid. — ' 

(3R, 5S f l'S)-3-Benzyl-5-(1-{(1,1^et^ 
0-5 g, was dissolved in 30 mL of a 2:1 mixture of ethylene glycol dimethyl ether/water, and to it was added 
5 mL of 1 M lithium hydroxide at room temperature. After stirring for 1 hour, the solvent was removed in 
vacuo and the residue partitioned between 20 mL chloroform and 20 mL 10% citric acid. The layers were 
separated and the aqueous phase extracted with 3 X 20 mL chloroform. The combined organic layers were 
dried (NafcSO*) and the solvent removed to yield 0.46 g of the crude hydroxy add. This residue was 
dissolved in 5 mL of dry DMF and 0.845 g tert-butyl dtmethylsilyl chloride and 0.725 g of Imidazole were 
added. After stirring for 18 hours, the reaction was poured into 50 mL of water and extracted with 3 X 20 
mL of ethyl acetate. The combined organic extracts were washed with 3 x 20 mL of 10% cftrtc add, 1 x 20 
mL of water. 3 X 10 mL of saturated aqueous solution of NaaCOa, and 20 mL of brine. After drying 
(NaaSO*), the solvent was removed and the resulting residue dissolved in a mixture of 5 mL of THF, 5 mL 
of glacial acetic add, and 2 mL of water. The mixture was stirred for 4 hours, then poured Into 50 mL of 
water and extracted with 3 X 20 mL of ether. The combined ether extracts were washed with 2 X 20 mL of 
water, brine, dried (NaaSO*), and the solvent removed. Purification by medium pressure chromatography 
over sifica gel, eluting with MeOH/CHCfa gave 053 g of the product as a white solid. 



SteP Preparation of N-(1 ,1 K«methyiemoxycarbonyl)-5(S>^fno-4{S)-<1 *A '-dlmethytothyH ,1^dlmethyl- 
silyloxy)^henyl-2(HHphenytm amide? 

The product from Step H, 0.183 g, was dissolved in 10 mL of dry DMF, and to It was added 0.124 g of 
leudnyl-phenylaianyl amide hydrochloride hemihydrate, 0.051 g of 1-hydraxybenzotriazole hydrate and 
0.069 g of dimethyl-3-(3-dime^ylaminopropyl) carbodffmlde hydrochloride. Triethylamlne was added to the 
stirring solution until the pH was 85. After stirring tor 2 hours, the reaction was poured into 80 mL of water 
and extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts were washed with 3 X 20 mL 
of 10% citric add, 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution of NaaCOi, 30 mL of 
brine, dried (NaaSO*), and the solvent removed to give 02 g of the product after purification by preparative 
thin layer chromatograpy (5% methanolfchloroform). 



Step J; Preparation of N'-{1 ,1^ethyleftoxycarbonylh5<Sh^ 

(phenylmethyQhexanoyHeucyl-phenylalanyl amide. 

The product from Step I, 0.2 g, was placed In a flask and to It was added 2 mL of a 1M solution of 
tetrabutylammonium fluoride In THF. After stirring for 2 hours, the solvent was removed In vacuo , and the 
residue was taken up In 50 mL of 10% methanol/chioroform and passed through a pad ofliiica gel. The 
solvent was removed In vacuo , and the remaining solid triturated with ethyl acetate. The solid was Altered 
through a sifica pad and washed with ethyl acetate. The silica gel pad was then washed with chloroform 
(200 mL). The chloroform solution of the product was evaporated to yield 0.074 g of pure product The ethyl 
acetate solution was concentrated, and the residue was chromatographed over silica gel, eluting with 
methanoi/chtoroform to give an additional 0.054 g of product The combined yield of the product was 0.128 
g; mp 218-210* C. 
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EXAMPLE 2 



5 Preparation of N-benzyf-N'-Q , 1 -dimethy lethoxycarbonyl)-5<S)-amirK)^S)-hydroxy^henyl'2(R> 
(phenylmethyljhexanoyKLeucyl-amide, Compound II 

Step A: Preparation of N-benzyl N'-(1 ,1 -dimethylethpxycartx)nyl)-5(S)-afnino-4(SH1 .1 '-dimethylethyM ,1 « 
w dime%lsilytoxy)-6-phenyl-2(R)^ amide. " 

,1-Dimethylethoxycar^^ 

(RHphenyimethyl)hexanoic acid from step A in Example 1, 0.183 g, Is dissolved in 10 mL of dry DMF, and 
to it is added 0.058 g of N-benzyl leucine amide hydrochloride, 0.051 g of 1 -hydroxy benztriazole hydrate 

is and 0.069 of 1-ethy(-3^3-dimethy[aminopropyl) carbodiimfde hydrochloride. Trietfiylamine is added to the 
stirring solution until the pH Is 8.5. After stirring for 2 hours, the reaction is poured into 80 mL of water and 
extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts are washed with 3 X 20 mL of 
10% citric acid, 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution of NasCOa. 30 mL of brine, 
dried (Na^SO*), and the solvent removed to give the product after purification by preparative thin layer 

20 chromatography (5% methanol/ch loroform). 

Step B: Preparation of N-Benzyl n'-(1 ,1 -Dimemylethoxycaiftonyl)^(S)-amino^ 
(phenylmethyl)hexanoyl-Leucyl amidel ■ " 

25 

The product from Step A, Example 2, 0.1 g, is placed in a flask and to it Is added 2 mL of a 1 M 
solution of tetrabutylammonlum fluoride In THF. After stirring for 2 hours, the solvent is removed in vacuo , 
and the residue Is taken up in 50 mL of 10% methanol/chlorofbrm and passed through a pad of silica gel. 
The solvent is removed in 'vacuo, and the remaining solid triturated with ethyl acetate. The solid is filtered 
30 through a silica pad andwashed with ethyl acetate. The silica gel pad is then washed with chloroform (200 
mL). The chloroform solution is evaporated to yield product 



EXAMPLE 3 

35 



Preparation of n'-(1 ,1 dimethy tethoxycarbonyl)-5(S)-^ 
methyOhexanoyMeucyt-phenyiaianyl amide 

AO 

To a stirred solution of N -<1,1 -dimethy Iethoxycaitonyl)^(S)-amino^SHiydro^ 
zyloxyphenylmethyl)hexanoyMeucylphenylalanyl amide, 25 mg, in 10 mL of tetrahydrofuran was added a 
suspension of 10% palladium on carbon, 25 mg, in 10 mL of absolute methanol. The mixture was stirred 
under an atmosphere of hydrogen for 4 hours at room temperature, then filtered and concentrated to 
45 dryness. The residue was dissolved In 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid 
precipitated which was collected and dried under vacuum over PjOs. The yield was 20 mg of pure product, 
mp 222-223* C (C,H,N). 



so EXAMPLE 4 



Preparation of N-benzyl-fsT-(1 ,1<iimethylethoxycartK)nyl)-5(S)-a^ 



hexanamlde. Compound III 

The lithium salt of benzyl amine was prepared by adding 0.5 mL of a 2.5 M solution of n-butyl lithium to 
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0.134 g of benzyl amine in 10 mL of dry THF at -78* C. To this was added 0.1 g of (3R, 5S, t'S)-3-benzyl- 
5-(H(1.1-ciime%lethoxycaifcon (Step G of Example 1) in 5 

mL of THF. After stirring for 15 minutes, the reaction was quenched by the addition of 15 mL of 10% citric 
acid, and the mixture was allowed to warm to room temperature. The volume was tripled by th addition of 
ethyl acetate. The organic layer was separated, and the aqueous phase was washed with ethyl acetate. The 
combined organic solutions were washed with 3 x 10 mL 10% citric acid, 1 x 20 mL of saturated NaaCOs 
solution, brine, and dried (NaaSO*). The solvent was removed in vacuo to yield a white solid. The solid was 
recrystallized from hexane/ethyl acetate to yield 0.065 g of lie product as a crystalline solid; mp 191- 
192'C. 



EXAMPLES 



Preparation of n'-(1 ,1 KiimethylethoxycarlMnyl)^$)-^ 

phenyialanylamide. " 

N^1,lKlimemyethoxycarbc«yl)-^S)-amino-3 (S)-hydroxy-5-cycfohexyipentanoic acid (Boc-ACHPA), 
(0.575 g, 1.82 mmol) was dissolved in 5.5 mL of dry OMF, under argon. To this well stirred mixture was 
added L-leucyl-phenylaianine amide hydrochloride semihydrate (0.74 g, 2.18 mmol), hydroxybenztriazole 
hydrate (0.258 g, 1.91 mmol), ethyl 3-(dimethy!amIno)-propylcarbodilmide hydrochloride (0.374 g, 1.91 
mmol), and triethylamine (0.57 mL. 4.10 mmol). This mixture was stirred at room temperature for 1 hour. 
The reaction mixture was diluted with ethyl acetate (30 mL). This mixture was washed with water (3 X 15 
mL) f 10% aqueous citric add (15 mL), and brine (15 mL). Drying (Na2SO*). fiftration, and removal of the 
solvent in vacuo gave the crude coupling product This material was chromatographed on silica gel using 
6% methanol in chloroform as eluant There was obtained 0.582 g of the title compound as a white 
crystalline solid, mp: 1 71 -1 75 * C. 



EXAMPLE 6 



Preparation of N -[3-((1 (R)-Benzyloxyc^bonylamino-2-phenylethy l)phosphinyl]-2(R)-pheny Imethyi 
propanoyq-ieucyl-phenylalanylamide, and N -{3-[(1 (R)-Benzyioxycarbonyiamino-2j3henylethyl)phosphinyl>2" 
(S)i?henylmethylproparKylhlBUc^l-ph9"ylaianytamide. " : " 



Step A: Preparation of Methyi-1(R)^nzytoxycarbdnylaminch2i)henylethylphosphlnate. 

A 10% solution of trimethylsilykfiazomethane in pentane was added dropwise to a solution of 0.790 g of 
1(R)^5enzyloxycarbonylamlno-2-phenyJethyl phosphonous acid in a mixture of benzene (35 mLVriiethanol (5 
mL) unfii a paie yellow color persisted in the stirred reaction solution. After one hour at 0" the solution was 
concentrated and the residue chromatographed over silica gel, eluting with methylene 
chloride/acetone/methanol (18:1:1), to afford 0.400 g of pure methyl ester. 



Step B: Preparation of MethyH(RH>enzytoxycartonylam^ 

l-propyl)phosphinate. — ^ - : 

The product of Step A, 0.397 g, was dissolved In 5 mL of absolute methanol and, at 0* was treated 
with 0.67 mL of a 2.0 M solution of sodium methoxide in methanol under a nitrogen atmosphere. After 10 
minutes, methyl 2-benzyl acrylate (0.240 g) was added in one portion, the cooling bath removed, and th 
mixture was stirred at ambient termperatore of 18 hours. The mixture was concentrated to an oil which was 
partitioned between 15 mL of 1 N hydrochloric acid and 10 mL ethyl of ethyl acetate. The layers were 
separated and the aqueous phase was extracted with 2 X 10 mL acetate. The combined organic layers 
were washed (brine) and dried (NaaSO*) and th solvent removed to give an oil which was chromatog- 
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raphed on silica gel (flash). Bution with ethyl acetate afforded 0.264 g of the product 

Step C: Preparation of MethyM (R)-benzyloxy carbony iamino-2-phenylethy H2{R,S)-carboxy-3-phenyH -pro- 
5 pyQphosphinate. 

A solution of the product of Step B. 0264 g ( in 1.5 mL of 1,2-dimethoxyethane was treated with 0.56 
ml of a 1.0 N aqueous lithium hydroxide solution. After stirring under nitrogen for 4 hours at room 
temperature, the solvent was removed and 30 mL Ice water was added to the residue. The resulting mixture 
70 was extracted with 2 X 10 mL ether/ethyl acetate mixtures, following which the aqueous phase was acidified 
to pH 4-5 using several drops of 50% acetic acid. The acidic mixture was extracted with 3 X 15 mL ethyl 
acetate and then the combined acidic organic layers were washed with water, brine, and dried (NasSO*). 
Removal of the solvent in vacuo left the product as an oil: 0.153 g. 

1$ 

Step D: Preparation of N^3-[Methoxy-1(R)-benzyloxycarbonylamln^ 

phenylmethyl proparoylfrieucylphenyt-alanylamide. " " "~" 

The product from Step C, 0.153 g, was dissolved in 4 mL of dry acetonitrile and stirred under nitrogen 
20 in an ice bath. To the solution were added 0.119 g of 1-leucyl L-phenylalanylamide hydrochloride 
hemihydrate. 0.155 g of benzotriazoM-yloxytris (dimethyiamino)phosphonium hexafluorophosphate, and 
triethylamine to pH 8.5. After stirring at 0* for 2 hours the mixture was warmed to room termperature and 
stirred 3 hours further. 10 mL of dilute aqueous sodium chloride was added and the mixture was extracted 
with 4 X 10 mL of ethyl acetate. The combined organic extracts were washed with water, 2 N hydrochloric 
25 acid, water, saturated aqueous sodium bicarbonate, brine, and dried (MgSO*). Removal of the solvent (eft 
0.164 g of a sticky solid which was a mixture of 4 major components as evidenced by thin layer 
chromatograpy (chloroform/methanol/ammonium hydroxide, 90:10:1). The mixture was flash chromatog- 
raphed, efuting with the same solvent mixture used for TLC. Early fractions containing an intimate mixture of 
3 components were combined and concentrated to give 66 mg of a dlastereomeric mixture of the product 
30 Continued elution provided an additional 52 mg of product mixture which was predominantly a single TLC 
spot 



Step E: Preparation of N-[3"[(1(R)»Ben2yloxycafbonyl-aminO'2-phenyletfiyQphosphinyll'2 (S)-phenyt-methyl 
35 propanoylHeucylphenlalanylamide, Compound A, and N-[3-[(1 (R)-Benzyioxycarbony lamino-2-phenylethyl)- 
phosphinyi>2(S)-pheny (methyl propanoyiHeucyl-phentalanylamide, Compound 8. 

A solution containing 0.066 g of the diastrereomeric mixture of Step D and 0.014 g of anhydrous lithium 
iodide in 2 mL dry tetrahydrofuran was stirred at room temperature for 7 days, during which time an 

40 additional 0.030 g of lithium iodide was added. At the end of 1 week the solvent was removed and the 
residue suspended in 5 mL of saturated sodium bicarbonate. The mixture was extracted with 4 x 5 mL ethyl 
acetate and the combined organic layers were concentrated. Separation of the two diastereomers was 
accomplished by preparative high pressure liquid chromatograpy using a Waters Delta Pak C-18 column, 
etuting with a gradient of acetonitrile, 0-95% in water (0.1% trifluoroacetic acid) over one hour. The fractions 

45 of retention time 4.22 minutes and that of 7.00 minutes were iyophilized separately to afford 0.013 g of 
Compound A and 0.012 g of Compound 8, respectively. 



EXAMPLE 7 

60 



Preparation of N'-fBenzylaxycaiftonyQ-StSHmino^S^ydroxy-^ 
leucyl-phenylalanyl amide. 

55 

Step A: Preparation of 5(Shamino^(SHt-butyldlmethylsi(yloxy)-6-phenyh2(RHphenyl) methyl)-hexanoyl- 
Leucyl-PhenyalanylAmide. 
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To a cold (0*C) s fution of 350 mgs. (0.468 mmol) of N'-(1.1^imethy!ethoxycarbonyl)-5(S)-arnino-4(S)- 
(t-butyl-dimethylsNylo>cy)-6-phenyl-2(R) (phenylmethyl)-hexanoyHeucyl-Phenylalanyl Amide in 10 mLs of 
methylene chloride was added 5 mLs of trtfluoroacetic acid. After 1 hour., the reaction was poured into a 
separately funnel containing safd. NaHCOa solution and washed with methylene chloride (2 X 30 mLs). The 
organics were dried, filtered and concentrated to give an oily residue which was flashed chromatographed 
(Si0 2 . 5% MeOH/NHs sat'd. chloroform) to give 240 mgs. of product along with 75 mgs of 5(S)-amino-4(S)- 
hydroxy-6-frfienyl-2(R>-(phenyImethyl)-hexanoyl-Leucyl-PhenylaJanyl Amide. 



Step B: Preparation of 5(SHBenzylo)cycarbonyl)-amino^S)-hydro^ 
hexanoyH-eucyl-Phenyalanyl Amidel ' 

To a solution of 25 mgs. (0.038 mmol) of 5(S)-amino-4<S)-(t-BLrtyl-dimethylsilylo)cy)-6-phenyl-2(R)-. 
(phenylmethyl)-hexanoyl-Uucyl-Phenylalanyl Amide in 10 mLs of methylene chloride which contained 10 ul 
(0.072 mmol of triethylamine was added 10 ul (0.070 mmol) of benzyl chloroformata. After 3 hours the 
reaction was complete and was poured into a separatory funnel and washed with 2 X 10 mLs of 10% citric 
acid solution. 10 mLs of said NaHC03 soltuion, and the organics were dried filtered and concentrated to 
dryness. The residue was diluted with 2 mLs of THF and 1 mL of a 1 M solution of tetrabutylammonfum 
fluoride (TBAF) was added. After 1 hour an additional 0.5 mL of TBAF was added. After 2 hours the reaction 
was concentrated and passed through a pad of Si0 2 which was eluted with 5% MeOH/CHCI 3 to give the 
crude product This was further purified using reverse phase HPLC on a Waters 018 column to give 12 
mgs. of the desired product mp = 207-210* C. 



EXAMPLE 8 



Assay for Inhibition of Synthetic Viral Protease 

Inhibition studies of the reaction of the synthetic protease [amino add residues 69-167 of the pol open 
reading frame in Ralner. L et al. Nature , 313, 277 (1985) and synthesized by Merrifield solltFphase 
synthesis] with a peptide substrate [Vai-Ser-Gln-Asn-Tyr-Pro-lie-Val, 2 mg/mL when the reaction is initiated) 
were in 50 mM Na acetate, pH 5.5, at 30 * C for 1 hour. Various concentrations of Inhibitor in 1.0 ul DMSO 
were added to 36 ul of assay solution and the reaction initiated by the addition of 4 ul (1.6 ug) of synthetic 
protease- The reaction was quenched with 160 ul of 12% acetic acid. Products of the reaction were 
separated by HPLC (VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient, 0.1% trifluoroacetic 
acid). The extent of inhibition of the reaction was determined from the peak heights of the products. HPLC 
of the products, independently synthesized, provided quantitation standards and confirmation of the product 
composition. Compounds I. Ill and IV showed art ICso of about 2 nM, about 50 nM and about 27 nM, 
respectively. 



tXAMPLE9 



Assay for Inhibition of Microbial Expressed Viral Protease 



Inhibition studies of the reaction of the protease expressed in Eschericia coll with a peptide substrate 
[VahSer^ln-Asn-(betanapthyl)Ala-Pro-lle-Val, 0,5 mg/mL at the time the reaction is initiated] were in 50 mM 
Na acetate, pH 5.5, at 30* for 1 hour. Various concentrations of inhibitor in 1.0 ul DMSO were added to 25 
ui of the peptid solution in water. The reaction is initiated by the addition of 15 ul of 0.33 nM protease 
(0.11 ng) in a solution of 0.133 M Na acetate pH 5.5 and 0.267% bovine serum albumin. The reaction was 
quenched with 160 ul of 5% phosphoric acid. Products of the reaction were separated by HPLC (VYDAC 
wide pore 5 cm C-18 reverse phase, acetonitrile gradient, 0.1% phosphoric add). The extent of inhibition of 
the reaction was determined from the peak heights of the products. HPLC of the products. Independently 
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synthesized, proved quantitation standards and confirmation of the product composition. Compounds I, II 
and ill showed JC50 values of about 0.6 nM, about 1.4 nM and about 120 nM, respectively. 



s EXAMPLE 10 



Preparation of N-((1 R,2S,3SH .2-Dihydroxy-^indanyl)-N'-<1 ,1 ■drmethylethoxycarbonylh5(S)^amino-4(S)- 
to hydroxy-6-pheny1*2(R)-(phenylnnethyt)hexanamide 



Step A: (1RS,2RS,3RS)3-Amino-1^romo-2-hydroxyindan cyclic carbamate 

T5 A mixture of 2.5 g (14.3 mmol) of the known 1-amino-2-hydroxyindan cyclic carbamate, 2.9 g (16.3 
mmol) of N-bromosuccinimide, and 100 mL of CCU was heated at reflux for 3 hours. After cooling, the 
mixture was diluted with 100 mL of CHCIa and washed with 10% Na2S03. The aqueous layer was extracted 
with CHCb, and the combined organic layers were washed with 10% NaaSOa, dried over Na 2 S04. and the 
solvents removed at reduced pressure to give an off which was chromatographed on 250 g of fine SiCfe 

20 using 1:1 EtOAc-hexanes to afford 950 mg (26%) of the Step A product as a colorless solid. 



Step B: (1RS T 2SR,3SR)1-Acetoxy-3-amino-2-hydroxyindan cyclic carbamate 

is A solution of 950 mg (3.7 mmol) of 1-Bromo-2-hydroxy-3-aminoindan cyclic carbamate (Step A product) 
and 1 .9 g (6.3 mmol) of tetra-n-butylammonium acetate in 50 mL of DMF was heated at 80* C under N2 for 
6 hours. The solvents were removed at reduced pressure and the residue was partitioned between CHCIa 
and water. The aqueous layer was extracted twice with CHCb and the combined organic layers were 
washed with water, dried over NaaSC* and the solvents removed to give an oil which was chromatographed 

00 on 125 g fine S1O2 using EtOAc-hexanes to afford 372 mg (43%) of Step B product as a colorless solid: mp 
131-133* C, 



' Anal; Calc'd for C12H11NO4. 




c. 


61.80; 


H. 


4.75; 


N. 


6.01. 


Found: 


c. 


62.12; 


H, 


4.73;- 


N. 


5.96. 



40 SteP C: (1RS,2SR,3SR)3-Amino«l l 2-dihydroxyindan 

To a stirred solution of 180 mg (0.77 mmol) of 1-acetoxy-2-hydroxy-3-aminolndan cyclic carbamate 
(Step B product) In 12 mL of EtOH was added a solution of 705 mg (17.6 mmol) of NaOH in 5 mL of H 2 0. 
^ This mixture was heated at reflux for 3 hours, the solvents removed at reduced pressure, and the residue 
partitioned between brine and CHCIa, and the combined organic layers were dried over NaaSO*. The 
solvents were removed to give 60 mg (47%) of Step C product as a solid. 



Step D: (1R^S,3S)-N-1^ihydroxy-3-lndanyf>-L-phenyialanine amide 

To a stirred solution of 422 mg (2.55 mmol) of 1^-dihydroxy-3-aminoindan (StBp C product), 746 mg 
(2.81 mmol) of Boc-L-Phenylalanine, 539 mg (2.81 mmol) of EDC, and 380 mg (2.81 mmol) of 1- 
hydroxybenzotriazofe hydrate in 10 mL of DMF under N 2 was added 783 uL (5.62 mmol) of EtsN. After 
stirring overnight at room temperature, the solvents were removed at reduced pressure, and the residue 
was partitioned between CHCI3 and 1.0 M citric acid. The aqueous layer was extracted with CHCb and the 
combined organic lay rs were washed with two portions of NaaCOa and dried over NaaSO*. The solvents 
were removed at reduced pressure and the residue was -dissolved In 14 mL of CH2CI2 and treated with 7 
mL of TFA under N 2 for 0.5 hours. The solvents were removed at reduced pressure, and the residue was 
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partitioned between 2% HQ and ether. Th aqueous layer was baslfied with 40% NaOH, extracted with 
three p rtions of CHCIa, dried over NaaSO* and chromatographed on 23 g fine SiOj using 223 mg (56%) of 
Step 0 product as a colorless solid. 



Step E (IR^SS^Amino-l^-dihydroxylndan 

To a solution of 215 mg (0.69 mmol) of N^l^-dihydroxy^ndanyl) L-phenylalanlne amide (Step 0 
product) in 10 mL of EtOH was added a solution of 84 mg (2.1 mmol)of NaOH in 4 mL of H 2 0. The mixture 
was heated at reflux for 6 hours, the solvents removed at reduced pressure, and the residue triturated with 
8 mL of CHCI 3 . The triturate was applied to a column of 4 g of fine S10 2 using 88:12:1.2 CHCb-CHaOH- 
NhUOH at the eluent to give 104 mg (91%) of Step E product as a colorless solid. 



Step R NKOH^S^Shll-Dihydroxy^rx^ 
phenyl»2(R)-(phenylmethylHiexanamide 

To a stirred solution of 58 mg (0.11 mmoi) of 5-(1.1-dimethylethoxycarbonyIamino)-4-t-butyl- 
dimethylsilyloxy-2-(phenyimethyl)-6-phenyl hexanoic acid of Example 1, 21 mg (0.13 mmol) of (-)1^2- 
dihydroxy-3-aminoindan from Step E, 24 mg (0.13 mmol) of EDC, and 17 rrig (0.13 mmol) of HOBT in 2 mL 
of DMF under N 2 was added 36 mL (0.25 mmol) of EtaN. After stirring for 17 hours at room temperature, 
the solution was poured into cold 1.0 M citric acid and extracted with two portions of EtOAc. The two 
portions of 10% NaaCOs, brine, dried over NasSCU and the solvents removed to give a residue which was 
dissolved in 2.0 mL of a 1.0 M solution of tetra-n-butylammonium fluoride in THF. After stirring for 18 hours 
at room temperature, the solvents were removed at reduced pressure, and the residue was partitioned 
between CHCb and H2O. The aqueous layer was extracted with 1:9 CH 3 OH-CHCb and the combined 
organic layers were washed with H 2 0, dried over NazSO*, and the solvents removed to give a solid which ■ 
was triturated with 1:4 EfaO-hexanes to afford 32 mg (52%) of the title compound as a colorless solid: mp 
190-192*C (dec) 



Anal. Calc'd for CaaHtoNiOe 



Found: 



c. 


70.69; 


H. 


7.19; 


N. 


c. 


7050; 


H, 


7.18; 


N. 



5.00 
4.76 



EXAMPLE 11 



Preparation of N-(2(R>hydroxy1 (SHndanyl)-N f S-(1 ,lKfimethy1ethoxycarbonyl)-5(S)-amino)^(S)-hydroxy"6* 
phQnyU2(RW^yH roX yph 8n y| n » 8 *u y » fiexanamide 



Step A: Preparation of (5S,1 's>3Karboethoxy^4~benzyioxyphenv^^ ,1-dimethylethoxycar* 
bonyl)amino)-2-phenylethyildihydrefura^ 



To a stirred solution of (5S,l'Sh3^art>oethoxy-5-[H(1^^ 
phenylethyI)-dihydrofuran-2-(3H)-one (product of Example 1 ( Step E), 2 g (5.3 mmol) in 25 mL of absolute 
ethanol was added a solution of 0.13 g of sodium In 22 mL of absolute ethanol followed by 1.30 g (5.5 
mmol) of 4-benzyloxybenzyl chloride. The solution was heated to 50* C under nitrogen for 1 hour, then 
coded in an Ice bath and acidified with 20 mL of 10% citric add and diluted with 200 mL of wat r. Th 
mixture was extracted with 3 X 100 mL of ether and the combined ether extracts washed with 50 mL of 
water, 200 mL of sat'd NaHCOa and dried over MgSO*. Removal of solvents under reduced pressure and 
purification by low pressure chromatograpy on silica g I, eiuting with 40% ether in hexanes gave 1.56 g 
(51% yield) of a clear colorless gloss essentially homogeneous by TLC (50% ether/hexanes). 
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Step B thai Step C: Preparation of N # »(1,1 -dimethyl thoxy^bonyf^StSj^ino-^S^Q^I^methylethyl 
1 J-dimethyisilyloxy)^-phenyt-2(R)-(4^enzyloxyphenylmethyi)-he?can ic acid 

Employing the procedure substantially as described in Example 1, Steps G and H, but substituting for 
the (5S.1 'S)-3-carboethoxy-a"phenyl-methyl-5-(1-(1 ,1^imethylethoxycarbonyl)amino)-2-phenylethyI>- 
dihydrofuran-2-(3H]hone the product of Step A, 1.56 g ( there was produced in sequence the following: 



(Step B) 

(3R.5S, 1 'sw^benzyloxyphenylmethylJ-SKI -{(1 .1 Klime%lethoxycarbonyl)amirw)-2-phenyl-ethyl- 
dihydrofuran-2-(3H)-one ( 0.52 g (38% yield) of 3R-lactone as a colorless foam. Further elution gave 0.61 g 
of a mixture of 3S and 3R lactones. 



(Step C) 

N'-(1 ,1 HJimethylethcocycaitonyl)-5(S)-amino-4(S)-(1 ',1 '-dimethylethyM ,1 -dimethylsilyloxy)-6-phenyI-2- 
(R)-(4-benzy!oxyphenylmethyl) hexanoic add, 0.60 g (94% yield) as a colorless foam essentially homo- 
geneous by TLC (3% methanoi/chlorofbrm). 



Step D: Preparation of N-(2(R)-hydroxy-1($Hndanyf)-5(SH1J 
6-phenyl-2(RH4-benzyloxyphenylmethyl) hexanamide 

The product from Step C ( 0.12 g, was dissolved in 2 mi dry DMF and to It was added 40 mg of 1(S>- 
amino-2(R)-hydroxyindane P 25 mg of 1 -hydroxybenzotriazole hydrate and 70 mg of dimethyi-3-(3-dimethyl 
aminopropyl)carbodiimide hydrochloride. Triethylamine was added to the stirred solution until the pH was 
8.5 (32 mL). After stirring for concentrated to dryness under reduced pressure, the residue was dissolved in 
100 mL of chloroform and worked with 1 X 50 mL of 10% citric acid, 1 X 50 mL H 2 0, 1 X 50 mL safd 
NaHCOs, dried over MgSO* and concentrated to dryness* The residue was dissolved in 1 mL of 
tetrahydrofuran and added to 2 mL of 1 M tetrabutyiammonium fluoride in THF. After stirring overnight at 
room temperature the reaction mixture was diluted with 10 mL of 10% citric acid and the white precipitate 
collected by filtration. The product was purified by low pressure chromatograpy on silica gel etuting with 2% 
methanol/ChbCfe to give 85 mg of product which was essentially homogeneous by TLC (3% 
methanol/CH 2 Cfe). 



Step E: Preparation of N-<2(R)-hydroxy*1(SHndanyl)-S(SH1 J-dimethylethoxycarbonylamino)-4(Shhydroxy* 
6-phenyi»2(R)-(4-hydroxyphenylmethyhhexanamide 

The product of Step D, 85 mg was dissolved in 10 ml of methanol and 10 mL of THF, and to it was 
added 0.10 g of 10% palladium on carbon. The mixture was stirred under an atmosphere of hydrogen for 
48 hours at room temperature, then filtered and concentrated to dryness. The residue was dissolved in 10 
mL of hot ethanol and 20 mL water was added. On cooling the white solid precipitate was collected and 
dried under vacuum over PjOs. The yield was 72 mg (98% yield) of pure product mp 218-219*0 
(effervesces, sinters at 215) 



elemental analysis, Calc'd for C^HUoNsOs: 
(560.696): 





C, 


70.69; 


H, 


7.19; 


Ni 


5.00; 


Found: 


C 


70.62; 


H. 


7.39; 


N, 


4.79. 



Step F: Resolution of 1 -Amino-2-hydroxyindan 
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From the known racemic 1-amlno-2-hydroxyindan ( the resolution was carried out as described for the 3- 
amino-15-dihydroxyindan above. The (1S,2RM-amino-2-hydro>cyindan resulting from saponification of the 
higher R t diastereomer was shown to have an ao of -58' (c ■ 1.0, CHCI3). The (1R,2S)-1-amino-2- 
hydroxyindan resulting from saponification of the lower R f diastereomer was found to have an ao of + 62* 
5 (c = 1.0, CHCb). 



EXAMPLE 12 

10 

Preparation of N-(2(R)-hydroxy-1 (S)-lndanyl)-5(S)-[(1 ,^dimethyiefto)cyca^tx)nyl)aminoKS)^ydroxy^^ 
hydroxyphenyl)-2(R)-phenylmethylhexananiide ~ ~ 

75 

Step A: Preparation of N-methoxy-N-methyl-N'-2($H(1 ,1 -dimethyiethoxycarbonyl)amino}-3-(4-ben2ylox- 
yphenyl)propionamide - m 

To a stirred solution of N.Mimethyihydroxyiamine hydrochloride (15.8 g, 162 mol) in 120 mL dry 

20 methylene chloride cooled to o' C in an ice/water bath and under nitrogen was added N-methylpfperidine 
(19.7 mL 162 mmoi) such that the temperature of the reaction remained below 2* C. The dear solution was 
stored at 0 * C until needed. 

To a stirred solution of N-Boc-O-benzyl-L-tyrosine (50.0 g, 135 mmol) in 800 mL dry methylene chloride 
and 200 mL dry tetrahydrofuran cooled to -20* C in a dry ice/Isopropanol/water bath and under nitrogen was 

25 added rapidly N-methylpiperidine (19.7 mU 162 mmol). The solution was allowed to warm to -12* C and 
isobutyl chloroformate (21.1 mL. 162 mmoi) was added rapidly such that the temperature of the reaction 
remained between -12* C and -8 # C. After addition was complete the reaction was stirred at 0"C for 30 
minutes then the previously prepared solution of N.O-dimethylhydroxylamine hydrochloride and N-methyl- 
piperidine in methylene chloride was added in one portion. The reaction was allowed to warm to 25 *C 

30 where it was stirred for 15 hours. After cooling to 0* C in an Ice/water bath the reaction was washed with 
10% citric acid (2 X 200 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated to give 60.2 g tan solid. Crude product was dissolved in ethyl acetate and filtered through a 
pad of silica gel (230-400 mesh, 400 g in a 2 I sintered glass funnel). The pad was rinsed with 3 I ethyl 
acetate and the filtrate was concentrated to give Step A product,N-methoxy-N-rnethyl-N'-2(S>-[(1 ,1- 

35 dimethylethoxycarbonyl)amino]-3-(4-benryloxyphenyf)propionamic^ (51.8 g, 92.8% yield), as a white fluffy 
solid, mp = 107-108' C; 



elemental analysis, Calcd for CaaHaoNaOs (414.50): 



40 



Found: 



c. 


66.65; 


H, 


7.30; 


K 


c. 


66.68; 


H. 


7.13; 


N, 



6.76; 

6.64; [afc 25 = 5.6* (c = 1 .7, methanol). 



45 Step B: Preparation of N-2(SH(1.1^imethylethoxycarbony^ 

To a suspension of lithium aluminum hydride (2.22 g, 58.0 mmol) in 200 mL dry diethyl ether cooled to 
-40* C in a dry ice/isopropanol bath and under nitrogen was added dropwise a solution of Step A product, 

w N-methoxy-N-methyl-N'-2(S)-[(1 t 1-dimethylethc«ycart»ny0 pionamide 
(20.5 g, 49.5 mmol), such that the temperature of the reaction remained between -36* C and -38* C. After 
addition was complete the reaction was warmed to 7*C, then cooled to -35 *C and quenched by the 
addition of 40 mL 2.75 M potassium blsulfate. After warming to 25* C and stirring for 1 hour the mixture was 
filtered through a pad of Celrte* with diethyl ether rinse. The filtrate was washed with 10% citric acid (3 X 

5s 100 mL), water (1 X 100 mL), diluted NaHCOa (2 X 100 mL), and brine (1 X 100 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give Step B product,N-2(S)-[(1 ,1-dimethylethoxycarbonyl)- 
amino]-3-(4-benzyloxyphenyl)pro pionaklehyde (17.76 g, quantitative yield), as a white solid, mp » 98- 
99* C. [ag 5 = 27.4* (c = 1.6, methanol). 
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Step C Thru Step J: Preparation of N ^1jKilmethylethoxycarbonyi)-5<S)-arnlno-4(S)-(1 ,1 -dlmethyiethyl- 
1.1<iimethylsilyloxy)-6-(4-b nzyloxyfflenyi)-2(RHphenylmethyl)-hexanoic acid 

Employing the procedure substantially as described in Example 1, Steps A through J but substituting 
s for the N-2{SH(1»1-dim thylethoxycarbonyl)amino]-3-phenyl propionaldehyde the product of Step B, 13,4 g, 
there was produced in sequence, the f Mowing: 



(Step C Thru Step E) 



10 



8'C, 



W-3(SH{1.1-Dimethylethoxywbonyl)amto (9.9 g, 74% yield) mp 87- 



15 



elemental analysis, Calcd. for C2 2 H 2 7N03 (353467): 



Found: 



c. 


74.76; 


H. 


7.70; 


N, 


c. 


74.85 


H, 


7.69: 


N. 



3.96. 



3.93. [ab 25 » t6.23 # (c = 1. methanol). 



20 



25 



(Step F) 

1{RHl'(S)-(l'.1 '^methylethoxycarbonyiamino-2^4-benzyloxyphenyl)ethylJoxirane as an oil (77% yield) 
homogeneous by thin layer chromatography (silica gel, 25% ethyl acetate/hexanes). 



(Step G) 

(5S,1 'S)-3-carboethoxy-5-(1 -((1 ',1 '-dimethylethoxycarbonyl)amino)-2-(4-ben2yloxypheny l)-ethyl)- 
dihydrofuran-2-(3H)-one (79% yield) as a white solid, mp 117-119*0 



analysis, Calc'd for C^HaaNOj (483.567): 



35 



Found: 



c. 


67.06: 


H. 


6.88; 


N. 


c. 


66.84; 


H. 


6.96; 


N. 



2-90. 

2.91. [aJb 25 



-11.27" , (c a 1.81, methanol). 



40 (StepH) 

(5S,1 'S)-3-carboethoxy-3-phenylmethyl-5-[1-((1 ,1-dimethyiethoxycarbonyl)amino)-2-(4- 
benzytoxynwthy[)ethyi]dihydrofuran-(3H)-one, (97% yield) as a clear glass which was essentially homo- 
geneous by TLG (50% diethylether/hexanes). 

45 

Step I 

(3R.5S, 1 'S)-3-benzy l-5-[1 -((1 .1 -dimethylethoxycarbony l)amino)-2-<4-benzy loxyphenyl)ethylh 
so dihydrofuran-2-(3H)-one. (38% yield) as a clear glass which was homogeneous by TLC (50% diethyl 
ether/hexane). The latter fractions of the chromatograpy gave 40% of a mixture of the 3S and 3R lactones. 



65 



(Step J) 

N'-(1 , 1-dimemylethoxycarbon^h5(S)-amino-4(S)-(1 '.1 '-dimethylethyM ,1 <iimethylsilyloxyHH4- 
benzyloxyphenyl)-2(RHphenylmethyI)-hexanoic add, 94% yield, as a colorless foam. 
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Step K Thru Step L: Preparation of N-(2(R)-hydroxy-1 (S)-[ndanyi)-5(S)-[(1 ,1 -dimethylethoxycarfaorryi)amino]- 
4(S>-hydrioxy*6K4-hydroxyphenyl)-2(R) : (ph nylm thyf) hexanamide " 

Employing the procedure substantially as described in Examples I, Steps D through E, but substituting 
5 for the N -(1 .1 -dimethy lethoxycarbonyl)-5(S)-am!no-4(S)-(1 ',1 '-dimethylethyM ,1 -dimethy!silyl6xy)-6-phenyl- 
2(RH4-benzyloxypheny(methyl)hexanoic acid the product of Step J, 0.350 g, there was produced in 
sequence, the following: 



ro (Step K) 

N-(2(R)-hydroxy-1 (S)-fndanyl)-5(SH1 .1 -dimethy lethoxycarbonyOamino^Shhydroxy^^ 
benzyloxyphenyl)-2(RMphenylmethyl) hexanamide, 343 mg (96% yield), as a white solid which was 
essentially homogeneous by TLC (3% methanot/ChfeCfc). 

T5 

(Step L) 

N-(2(R)-hydroxy-1 (SHndanyl)-5(SH1 .1 -dimethylethoxycarbonylaminoH(S)-hydroxy-6-{4- 
20 hydroxyphenyl)-2(RMphenylmethyt) hexanamide, 280 mg (92% yield) of pure product mp 210-211 *C 
(effervescent) 



elemental analysis, Calc'd for C a3 H4oN 2 OG (560.696): 



c, 


70.69; 


H, 


7.19; 


N. 


5.00. 


c. 


70.82; 


H, 


7.39; 


N, 


4.79. 



30 



35 



«*0 



EXAMPLE 13 



Preparation of rH2(R)-hydroxy-1 (SHndanyl)-5(SH1 

hydroxyphenyi)-2(RH4"hydroxyphenylmethyl)hexanamlde " " 

Employing the procedure substantially as described in Example 12, Steps H through L, but substituting 
for the {5S.1Sh3-carboethoxy-5[1-((l\l -dimethyiethoxycarbonyl)amino^2i5henylethyldihydrofuran-2-(3H)^ 
one the product of Example 12, Step G, 1.80 g, there was obtained In sequence the following (Step A 
through E). 



(Step A) 

(5S.1 S V3-carboethoxy-3-(4-benzyloxyphenylmethyl)^.[1 -((1 ,1 -dimethylethoxycarbony l)-amino)-2-(4- 
beruyloxyphenyl)ethyl]-dihydrofuran-2-(3H)-one. 1.17 g (67% yield) as a clear resin essentially homo- 
geneous by TLC (50% ether/hexanes). 



(Step B) 

(3R,5S,1 'S)-3-(4-benzyioxyphenylmethyl>-5-[1 -((1 ,1-dimethylethoxycarbonyl)amino)-2-(4» 
benzyJoxyphenyl)ethylHihydrofuran-2-(3H)-one. 0.65 g (65% yield) as a clear resin which was essentially 
homogeneous by TLC (25% ethyl acetate/hexanes). Th latter fractions of the chromatography gave a 30% 
yieid of the 35 lacton . 



(Step C) 
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N'-{1 ,1 -dimethy(ethoxycarbony!)-5(S)-amfno-4(SMl'.1 '-dimethylethyM ( 1-dimethyisilyloxy)-e-<4- 
ben2yloxypheny!)-2{R)H4-ben2yloxyphenylmethyl)-hexanoic acid, 0.80 g {quantitative yield) as a colorless 
foam, essentially homogeneous by TLC (5% methanoi/CHCb). 



(Step D) 



N-(2(R)4»ydroxy-1(SHndanyl-5(S)^1,lK3ImethylethoxycarbonyI)aminoh 
benzyloxyphenyi)-2(R)-{4-benzyloxyphenyimethyl) hexanamide. 256 mg {95% yield) as a white solid, 
essentially homogeneous by TLC {2% methanol/C^Cb). 



(Step E) 

N-(2(R)-hydroxy-1 (S)-indanyl)-5(S)-{1 ( 1-dimethyIethoxycarbonylamino)-4{S)-hydroxy-6-{4- 
hydroxyphenyl)-2(RM4-hydrcxyphenylmethyl) hexanamide hydrate, 196 mg (quantitative yield) as a white 
solid: mp 203-4* C (effervescents sinters at 185* C), 



elemental analysis, calc'd for C33H4.0N2 07*0.75 H 2 0 
(590.207): 



Found: 



c. 


67.15; 


H, 


6.91; 


N, 


c, 


66.96; 


H. 


6.66; 


N. 



4.74. 
4.64. 



EXAMPLE 14 



Preparation of N -{1 ,1-dimethylethoxycarfeonyl)-5(S)-amino^(S),4(R^ 



phenyl-hexanoylleucyl-phenylalanyl amide 



Step A: Preparation of 4{$H0 »1 <limethylethoxycarbonyl)amlnoh3(S)-hydroxy"5-phenyl-1-pentene 



To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and. 200 mL of dry 
tetrahydrofuran cooled to 0*C was added dropwise 120 mL of a commercial 1 M solution of vinylmag- 
nesium bromide in tetrahydrofuran. The mixture was cooled to -30* C and a solution of 10.0 g, 40.1 mmol) 
of N-2(SH1i1-dirnethylethoxycarbony0aminoh3-phenyl propionaldehyde in 200 mL of dry tetrahydrofuran 
was added slowly over 15 minutes, keeping the internal temperature at -30 ± 5*C. The reaction was 
allowed to warm to room temperature and stir for 90 minutes, then quenched by addition at 500 ml of 10% 
aqueous citric acid and extracted into 1 L of diethyl ether. The ether extracts were dried over anhydrous 
magnesium sulfate, filtered and concentrated to give a white solid. Crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column; ethyl acetaterhexanes; 15%:85%) to 
yield Step A product, 4(SH(1,1-dimethytethoxycarbony0amm (6.7 g, 

60% yield), as a white crystalline solid- Further elution gave 1.0 g of the 4{S)-hydroxy Isomer. 



Step B: Preparation of 4{SH(1.1^imethylethoxycarbonyi)^ 
tene 

The product from Step A, 1.62 g (53 mmol) was dissolved in 50 mL of methylene chloride and to it was 
added 5.1 mL of N,N-dii$opropylethyfamine and 5.1 mL of technical grade benzylchtoromethyt ether. After 
stirring for 10 days at room temperature, the mixture was diluted with 150 mL of methylene chloride and 
washed with 100 mL of 10% citric acid, dried over MgSOt and concentrated to an oil. Crude product was 
purified by low pressure chromatography {silica gel 230-400 mesh, 8 X 18 cm column; diethyl 
etherrhexanes; 15%:85%) to yield of Step B product, 4{SH{1.1-dimethyl©thoxycarbonyl)aminoh3(S)- 
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(benryloxymethyl)-oxy-5-phenyl-1-pentene (2.0 g, 87%), as a white crystalline solid, mp 56-8 *C; 



elemental analysis, Calc'd for C2 2 H 3 i NO* (397.518): 





c, 


72.52: 


H. 


7.86; 


N, 


3.52. 


Found: 


c, 


72.36; 


H, 


7.87; 


N. 


3.41. [ab a ■ * 16.25 (C = 1.7, methanol). 



Step C: Preparation of 3(SH0 .1 -dlme%letrK)xycartx)nyl)amino>2^ 

propionakjehyde ~ 

The product from Step B, 0.60 g, was dissolved in 12 mL of methylene chioiide and 6 mL of methanol 
containing 0.125 g of sodium bicarbonate as a suspension. The mixture was cooled to -78* C and a stream 
of ozone was bubbled in until the biue color persisted (ca 15 min). The mixture was purged with nitrogen 
and 1 mL of dimethyl sulfide was added. After warming to room temperature 100 mg of zinc dust and 0.18 
mL of glacial acetic acid were added. After 1 hour stirring, the mixture was filtered, diluted with 50 mL of 
methylene chloride, washed with 1 X 20 mL safd NaHCOa, dried over MgSO* and concentrated to yield 
crude Step C product, 3(SH(1J^imemyIethoxycarbonyl)am^ pro- 
pionaidehyde (0.60 g) f as a clear resin. The crude product was homogeneous by thin-layer chromatography 
• (silica gel; diethyl etbenhexanes; 25%;75%). 



Step D: Preparation of ethyl (2R,3FL4R^S) > (2S.3R,4R,5S),(2S^S,4R,5S) and (2R,3S,4R,SS)-5-r(1,1- 
dimethytethoxyrarbony!)aminoh3-hydroxy^ hexanoate 

To a stirred solution of 0.60 mL of diisopropylamine in 5 mL of dry tetrahydrofuran cooled to -78* C was 
added 2.0 mL of 1.6 M n-butyllithum In hexanes. After 5 minutes, a solution of ethyl dihydrocinnamate (0.48 
g. 2J mmole) in 2 mL tetrahydrofuran was added dropwise over 5 minutes. After in additional 5 minutes at 
-78* C, a solution of the crude product of Step C, 0.60 g (1.5 mmol), in 5 mL of dry tetrahydrofuran was 
added. The reaction mixture was allowed to warm to -40* C for 15 minutes, then quenched with 20 mL of 
10% citric acid and extracted into 3 X 50 mL of diethyl ether. The combined organic extracts were washed 
1 X 50 mL of H 2 0. 1 X 50 mL safd NaHCOa, dried over MgSO* and concentrated to give a coloriess oil. 
The crude product was taken up In 5 mL of ethanol and 20 mg of NaBH* was added. After 5 minutes the 
mixture was concentrated to dryness, diluted with 10 mL of 10% citric add and extracted with 3 X 50 mL 
ethyl acetate. The combined organic extracts were washed 1 X 50 mL safd NaHCOa, dried over MgSOi, 
and concentrated to give an oil. Purification by medium pressure chromatography (silica gel E Merck 
LobarTM size C column), elutfng with 15% ethyl acetate/hexanes gave first the (2R,3R,4R,5S) and 
(2S.3R.4R.5S) isomers, 0.14 g, as an inseparable mixture, then secondly 0.13 g of the (2S,3S.4R # 5S) 
isomer. The latter fractions contained 0.19 g of ethyl (2R.3S,4R,5$)-5-[(1 ( 1-dimethytetrw^ 
3-hydroxy-4-(benzyloxyme%l)oxy-6^ as a clear resin. 



Step E: Preparation of 5($H(1.1^imethylethoxycar^ 
phenyh2-(phenylmethyf) hexanoic acid 

The (2a3S,4R t 5S) product of Step D, 0.19 g, was dissolved in 4 mL of 1^-dimethoxyethane, and to it 
was added 4 mL of 1 M lithium hydroxide. The mixture was heated to 40* C for 30 minutes, allowed to cool 
to room temperature, then acidified with 10 mL 10% citric acid and extracted with 3 X 50 mL of diethyl 
ether. The combined organic extracts were dried over MgSOi and concentrated to give 0.18 g of crude 
carboxylic acid which was homogeneous by thin layer chromatography (silica gel plate; metha- 
nolzchloroform; 5%:95%). 



Step F: Preparation of ^-(l.lHiirnethylethoxyca^ 
6-phenyl-2-fphenyfmethyf) hexanoyl leucyl-phenylalanyl amide ~~ 

The product of Step E, 0.18 g, was dissolved in 4 mL of dry DMF, and to it was added 0.13 g of 
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leucinyl-phenylalanyf amide hydrochloride hemihydrate, 0.046 g of 1 -hydroxy benzotriazol hydrate and 
0.095 g of dimethyl-3-(3<Iirnethylaminopropy0carbodiimtde hydrochloride. Trlethylamine, 92 mU was added 
and the mixture allowed to stir at room temperature for 24 hours, then diluted with 50 mL of 10% citric acid 
and extracted with 3 X 50 mL of ethyl acetate. Th combined organic extracts were washed with 70 mL of 
5 water, 50 mL of sat'd NaHC03. dried over MgSO* and concentrated to give 0.2 g of crude product 
purificati n by low pressure chromatography on silica g I, eluting with 5% m thanol/chloroform gave 0.12 g 
of a clear resin. 

to Step G: Preparation of n'-(1 ,1 -dimethylethoxycartonyl)-5(Shamino-3(SM^ 
(phenylmethyi) hexanoyl leucyl phenylalanyl amide 

The product from Step H, 0.12 g, was dissolved in 20 mL of absolute ethanol, and to it was added 100 
mg of 10% palladium on carbon and 5 mL of glacial acetic acid. The mixture was stirred under an 
T5 atmosphere of hydrogen for 5 days at room temperature, then filtered and concentrated to dryness. The 
residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid was collected 
and dried under vacuum over P 2 Os. The yield was 0.040 g of product mp 231-232* (C.H.N). 



20 EXAMPLE 15 



Preparation of N-^Sfr-hydroxy^S^benzopyranyQ-N'-p,^ 
» hydroxy-6^)henyN2(R)-(phenylmethyl) hexanamkte 



Step A: Preparation of tetrahydro-2H-benzopyrano-(4,3)oxazole 

30 A mixture of 0.138 g of silver cyan ate and 0.228 g of iodine in 5 mL of ether were stirred aLroom 
temperature for 1 hour. The reaction mixture was then cooled (ice-water bath) and a solution of 0.116 g of 
3-chromene in 1 mL of ether was added dropwlse. The suspension was stirred vigorously at room 
temperature for about 4 hours and the precipitated silver salts filtered off. Methanol (5 mL) and a few drops 
of a solution of lithium methoxide in methanol, were added to the filtrate and the mixture stirred at room 

35 temperature for 12 hours. Solvents were then evaporated, and the residue redissofved In a smail volume of 
ether, washed with water, dried over anhydrous NajSOi, and evaporated to furnish iodo-carbamate. The 
crude iodocarbamate was dissolved in 2.5 mL of digiyme and heated to 160* C for 12 hours. After 
evaporation of solvent the residue was chromatographed over silica gel (50% ethyl acetate-hexane as 
eluent) to give the Step A product 

40 

Step B: Preparation of Cis-4-aminochromarh3-ol t also known as (ds) 3-hydroxy-4-amino-benzopyran 

The oxazole from Step A was dissolved in 1 mL of methanol and 2 mL of 1 N methanollc potassium 
45 hydroxide was added. The resulting mixture was heated to 40* C for 12 hours. After this period, methanol 
was . evaporated, and the residue diluted with water, and extracted thoroughly with a mixture (3:1) of 
chloroform-ether (3 X 10). The combined extracts were dried over anhydrous NaaSO*. and evaporated to 
afford the Step 5 amino-chromanol product which was used directly without further purification. 

Step C: Preparation of ^3(S)^ydroxy^S)-ben2opyranyl)-N / -(1 l 1^ 

(SH1 .1 '-dlmethylethyH ,1 -dimethylsily loxy)-6-pheny l-2(R)-S(pheny Imethy I) hexanamide 

N'-fl.l^iimethyletfwxycarbonylJ-StS^amino^SJ-o' .I'-dimethylethylrljI-dimethylsilyloxyK-phenyl^- 
55 (R)-(phenylmethyi)hexanoic acid of Example 1, Step H, 0.054 g, was dissolved in 1.5 mL of dry DMF, and 
to it was added 0.020 g of 1 -hydroxy benztriazole hydrate, 0.029 g of 1-ethyl-3-(3-dimethyIaminopropyl) 
carbodiimide hydrochloride and 0.018 g of cis-3-hydroxy-4-amino-benzopyran (racemic). Triethylamine was 
added to the stirring solution until the pH is 8.5. After stirring for 12 hours at room temperature, the reaction 
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was poured into 10 mL of water and extracted with 3 X 15 mL of ethyl acetate. The combined organic 
extracts were washed with 10% citric acid, water, saturated aqueous NaHCOa solution and dried over 
anhydrous Nag SO*. Evaporation of the solvent gave a residue of a mixture of diastereomers which were 
separated by chromatography over silica gel (50% ethyl acetate/hexanes) to afford the pure Isomers as 
colorless oils. 



Step D: Preparation erf n^3(SHiydroxy-4<S)-benzopyranyl)-N^ 
hydroxy-6-phenyl-2(R)-(pheny[methyl) hexanamlde 

The bottom diastereomer (50% ethyl acetate-hexane) from Step C (0.022 g), was placed in a flask and 
to ft was added 0.3 mL of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 12 hours 
at room temperature, the solvent was removed In vacuo , and the residue was extracted with ethyl acetate (2 
X 15 mL). The combined extracts were washed sequentially with brine and water and dried over anhydrous 
Na2SO*. Evaporation of the solvent gave a residue which was chromatographed over silica gel to afford the 
product as a white solid. 



EXAMPLE 16 



Preparation of N-(2 t 3-dihydroxypropyl)-N / -(1 ,1 ^imethylethoxycarbonyl)-5{$h^ 
(RHPhenyimethyi) hexanoyl valyl amide ! 

Step A: Preparationof N'-(1,1-dimethylethoxycarbonyt)vat^^ 

N'-(1,1-dimethy!ethoxycarbonyl)vaIine t 4.34 g, was dissolved in 100 mL of dry DMF, and to it was 
added 1.82 g of 1-amino-2,3-dihydroxypropane. 3.82 g of 1-ethyl-3-{3-dimethytaminopropyl) carbodiimide 
hydrochloride, and 2.7 g of 1-hydroxybenztriazole hydrate. Triethylamine was then added until the pH was 
as. The reaction was stirred for 2 hours, after which time It was poured into 500 mL of water and extracted 
with 3 X 200 mL ethyl acetate. The organics were combined and extracted with 3 X 50 mL 10% citric acid, 
1 X 50 mL water, 1 X 50 mL of a saturated aqueous solution of NaaCOs, 1 X 50 mL brine, dried (Na 2 S04), 
and the solvent removed to give the Step A product without need for further purification. 

Step B: Preparation of N'-{1 ,lHjimethytethoxy<^rbonyl)-5(S)-amino-4(S)-(1 ' ,1 '-dimethytethyH ,1-dimethyf- 
siiyloxy)-6-phenyl-2(R)-(phenyimethyl)hex^ 

The Step A product, N'-(1,1-dimethylethoxycaifcony()valyW .029 g. was 

dissolved in 10 mL of ethyl acetate and cooled to 0* C with an ice bath. HCI gas was then bubbled through 
the solution for 10 minutes after which time the solvent was removed. The residue was dissolved in 10 mL 
dry DMF, and reacted as in Step H above using .05 g N^l.l-dimethylethoxycarbonylJ-SIS^amino^Shfl' 
,1 ^imethyle%M I 1-dimethylsiIyloxy)^ acid from Step A In Example 

1, .019 g 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride, and .014 g 1-hydroxybenztriazole 
hydrate at a pH of 8.5 to give the Step B product which was purified by preparative thin layer 
chromatography (10% methanol/chtoroform saturated with ammonia). 

Step C: Preparation of n'-(1 ,1 <llmethylethoxycarixnyf)-5(S)-^ 
(phenylmethyl)-hexanoylvalyi-N-(2 t 3-dihydroxypropyl)amfde 

The product from Step B, .047 g, was treated with 1 mL of a. 1 M solution of tetrabutylammonium 
fluoride in THF in a similar manner as Step B. Example 2 to give .023 g of the product (MP. ■ 170-171 
0* C) after purificati n by preparative thin layer chromatography (10% methanol/rnethylene chloride). 
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EXAMPLE 17 



Preparation of N-{Methy l-5-amirK>-5<leoxy-frD-ribosyl)-N'-(1 ,1 -dimethy lethoxycarbonyl)-5(S)-amino-4($) - 
hydroxy-6-phenyh2(R)-(ph nylmethyQhexanoyl valyl amide ! " 



Step A: Preparation of Mothyl-5-amlno-5^eoxy-jg"D-ribosylvalamide 

To a stirred solution of 0.50 g og N'-(1 ( 1^imethylethoxycaitonyi)-valirve-hydroxy sucdnimide ester in 
10 mL of DMF was added a solution of 0.808 g of methyl^mino^^eoxy*2^ t O-lsopropylideRe-j5^ribose 
In 2 mL of DMF. After stirring the resulting mixture at room temperature for 12 hours, the solvent was 
removed in vacuo, and the residue diluted with 10 mL of brine and extracted with ethyl acetate (3 X 10). 
The combined extracts were dried over anhydrous Na&SO* and evaporated. The residue was chromatog- 
raphed over silica gel (50% ethyl acetate-hexane) to give methyl-5-amino-5-deoxy-2,3 f O-isopropylidene-^- 
DHibosyI-N'^1.1^imethyiethoxycarbonyl) valamide. To a solution of 0.316 g of the above valamide in 5 mL 
of ethyl acetate-methanoJ (1:1) at -25* C, anhydrous hydrochloric gas was passed for 5 minutes. The 
resulting solution was stirred at that temperature for 2 hours and then nitrogen gas bubbled through. 
Evaporation of the solvent gave a residue which was washed with ether (2x) and dried under vacuum to 
give the Step A product amine hydrochloride salt as a white solid. 

Step B: Preparation of N-(Methyl-5-amino-5-deoxy-frD<ilx^ 

4(S)-(1* .1 <timethylethyM,1^imethylsilyloxy)-6-pheny^ amide 

N'-{1 ,1 -dimethyIethoxycarbonyi)-5(S)-amino-4(SH1 ' .1 '-dimethylethyH ,1 -dimethylsilyloxy)-6-pheny I-2- 
(RHphenylmethyl) hexanotc acid,0.150 g, was dissolved in 8 mL of dry DMF, and to it was added 0.115 g 
of 1-hydroxybenztriazole hydrate, 0.163 g of 1-ethyl-3-(3-dimethyIaminopropyl) carbodiimide hydrochloride 
and 0.235 g of Step A product methyl-5-amino-5-deoxy-)9-D-ribosyhvalamide. Triethylamine was added to 
the stirring solution until the pH was 8£. After stirring for 12 hours at room temperature, the reaction was 
poured into 10 mL of water and extracted with 3 X 15 mL of ethyl acetate. The combined organic extracts 
were washed with 10% citric add, water, saturated aqueous NaHCOa solution and dried over anhydrous 
NaaSOt. Evaporation of the solvent gave a residue which was flash chromatographed over silica gel {5% 
methanol-chlorofbrm) to afford the Step 6 product compound as a colorless oil. 



Step C: Preparation of N-(Methyl-5-amirtCh5<leoxy-^D»ribosyl)-N^(1 ,1 ■dimethy[ethoxycarbonyI}-5(S}-amino- 
4(S)-hydroxy-6-^nyl*S(RHphenyimethyl)hexarTOyKaJyl amide ' 

The product from the previous step 0.170 g, was placed in a flask and to It was added 2 mL of a 1M 
solution of tetrabutylammonium fluoride in THF. After stirring for 12 hours at room temperature, the solvent 
was removed in vacuo , and the residue extracted with ethyl acetate (2X15 mL). The combined extracts 
were washed sequentially with brine and water and dried over anhydrous Na 2 SO*. Evaporation of the 
solvent gave a residue which was chromatographed over silica gel to afford the product as a white solid 
(mp 186-189* C). 



EXAMPLE 18 



Preparation of tsH2{R)-hydroxy-1 (SHndanylfr-N'-fl < 1<iimethylethoxycarbonyl)^(S)-amino^S)-hydroxy-&'(2^ 
naphthyl)-2(R)-(phenylmethyl)hexanamide 

Step A: Preparation of N-( -2(RHiydroxy-1(SHrKfanyl)N'-(1^^ 
(1 ,1 KiimethylethyH ,1«^ethylsifyloxy)-6^2-n8phth^ 

4 
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N'd.l-dimethylethoxycarbonylJ-^SJ-amino-^SHl' ,1 '-dimethylethy 1-1,1 -dlmethylsilyloxy)-6-(2-naph- 
thyl>2(RMphenylmethyi)hexanoic acid. 0.068 g (0.118 mmoi), [prepared in a similar manner as described 
for Example 1, Steps A-H but starting in Step A with N-2 (S)-t(1,1-dimethyIethoxycarbonyi)-amino}-3-(2- 
naphthyOpropionaldehyd ], was dissolved in 2 mL of dry DMF. To this solution were added 0.025 g (0.13 
mmol) of EDC. 0.018 g (0.13 mmol) of HOBT, and 0.023 g (0.15 mmol) of 1 (S)-aminch2(R)-hydroxyindane. 
Triethylamine was added to the stirring solution until the pH was 8.5. After stirring at 25* C for 48 hours, the 
reaction mixture was poured into 20 mL of ice water and extracted with 3 X 2D mL of ethyl acetate. The 
combined organic extracts were washed with 1 X 50 mL of 10% citric acid, 1 X 50 mL of saturated aqueous 
sodium bicarbonate solution, and 1 X 50 mL of brine, dried (NaaSO*). Filtration and concentration gave 0.08 
g of the product which was used without further purification. 



Step B: Preparation of N-(2(R)-hydroxy- 1 (S)-Indanyl)-N'-(1 ,1 -dimethylethoxycarbonyl)-5(SVamrno-4<S)- 
hydroxy-6-{2-naphthyl>»2(RHphenylmethyl)-hexanoic carboxamide 

The product from Step A. 0.08 g, was dissolved in 1 mL of THF and to it was added 1 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 7 hours, the solvent was removed in vacuo, 
and the residue was treated with 20 mL of 10% citric acid solution to precipitate Step 8 product after 
chromatography on silica gel elating with CHCbiChbOH, 97:3. An analytical sample was obtained by 
recrystaiiization from ObCbrhexane, mp 198-200* C; 



elemental analysis. Calcd. for CszH^l^feOs (594.76): 





C = 


74.72; 


H = 


7.12; 


N = 


4.60. 


Found: 


C » 


74.36; 


H = 


7.46; 


N = 


4.60. 



EXAMPLE 19 



Preparation of N-(2-benzim?da2olylmethyl)-N f -(1 ,1 <limethylethoxycarbonyl)-5(S)-amino^(S)-hydroxy-6- 
phenyj-2(R>(phenylmethyl)-hexanoyl isoleucyl amide — 



Step A: Preparation of N-(1 t 1-dimethylethoxycarbonyl)isoleucyl(succinimide) 

A 15 g (0.065 mole) quantity of Boc-isoleucine* 82 g of N-hydroxysuccinimide, and 13.7 g of EDC were 
dissolved in 80 mL of DMF. After stirring at 25* C for 18 hours, the solution was added to 500 mL of water 
and extracted with 3 x 200 mL of ethyl acetate. The organic layers were combined, washed with 4 X 200 
mL portions of water, 200 mL of brine, and dried (Na2SO*). Filtration and concentration in vacuo gave 20.2 
g (95%) of Step A product mp 62-64 * C. ~~ 



Step B: Preparation of N'(2^ben2imidazolylmethyl)-N'-(l,l-dimethylethoxycarbonyl)isoleucyl amide 

The product of Step A, 4.6 g (14 mmol), was dissolved in 70 mL of 1,2-dimethoxyethane, and to it were 
added 5.9 g (28 mmol) of 2-aminomethyhben2imidazole dihydrochloride and 7.8 mL (56 mmol) of 
triethylamine. After stirring at 25* C for 18 hours, the solvent was removed in vacuo and the res/due was 
dissolved in 250 mL of ethyl acetate. This solution was washed with 3 x 100"mL"portions of water, 100 mL 
of brine, and dried (NaaSO*). Filtration and concentration in vacuo gave 4.4 g (87%) of Step B product, after 
chromatography on silica gel {CH2CI 2 :CH 3 OH, 95:5). . 



Step C: Preparation of N-<2-benzimidazolylmethyl)-isoteucyi amide 

The product of Step B, 2 g (5.6 mmol), was dissolved in 50 mL of ethyl acetate and cooled to -25* C. 
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Hydrogen chloride gas was bubbled into*the solution for 0.75 hour or until TLC indicated complete reaction. 
Nitrogen was bubble into the reaction as it was (eft to warm to ambient temperatur . Concentration in vacuo 
gave 1 .6 g (86%) of Step C product " 

Step D: Preparation of N-(2-benzi'm idazolyImethyl)*N'-(1 ,1 -dimethylethoxycarbonyl)-5(S)-amino-4<SH1 * .1 
dimethyH .l-dimethylsilyioxyhS-phenyi^RHphenylmethylhhexanoyl isoleucyl amide " 

n'-{1 .1 -dimethylethoxycarbonyl)-5(S)-amino-4(S)-(1 ' ,1 '-dirnethylethyi-1 ,1 -dimethylsiiyloxy)-6-phenyl-2- 
(R)-(phenylmethyI)-nexanoIc acid, 0.50 g (0.95 mmol), was dissolved in20 mL of DMF. To this solution were 
added 0.199 g (1.04 mmol) of EDC, 0.141 g (1.04 mmol) of HOBT. and 0.38 g (1,14 mmol) of N-(2- 
benzimidazolylmethyl)iso(eucy( amide dihydrochlortde. Triethyfamine was added to the stirring solution until 
the pH was 8.5. After stirring at 25* C for 72 hours, the reaction was poured into 100 mL of water and 
extracted with 2 X 100 mL of ethyl acetate. The combined organic extracts were washed with 3 X 50 mL 
portions of water, 50 mL of brine, and dried (Na2$0*)- Concentration in vacuo gave 0.60 g (85%) of Step D 
product, after purification of column chromatography on silica gel (CH2Cl2:CH 2 OH t 95:5). 



Step E; Preparation of N-(2-benarnidazolylrnethyl)-N -(1 ,1 -dimethylethoxycarbonyi)-5(S)-amino-4(S>- 
hydroxy6-phenyl«2(R)-(phenylmethyl)*hexanoyl isoleucyl amide 

The product from Step D, 0.60 g (0.081 mol), was dissolved in 7 mL of THF and to it was added 7 mL 
of a 1 M solution of tetrabutylammonium fluoride in THF, After stirring for 18 hours, the solvent was 
removed in vacuo , and the residue was treated with 100 mL of water to precipitate 0.50 g (95%) of the title 
compound, after chromatography on silica gel (CHCIs saturated with ammoniatChbOH, 955). mp 232- 
233* C. 



Elemental analysis Calcd for C38H49N5O5: 



Found: 



c =» 


69.59; 


H = 


7.53; 


N = 


c = 


69.66; 


H = 


7.56; 


N = 



10.68. 
10.54. 



EXAMPLE 20 



Preparation of n'-(1 J<limethylethoxycarbonyl)-5(S)-amino^S^ 
1 'yPhexanoyKSj-phenyiglycyi^-riydroxyethyO-amide 

Using the general procedure outlined in Example 1, Step F, (5S, l'S) S-carbethoxy-S-tHOJ- 
dimethylethoxycarbonyl>amino)-2-phenylethyI)dihydrofuran-2-(3Hhone (4.15 g, 11.0 mmol) was alkylated 
with cinnamyl bromide (2.17 g, 11.0 mmol) to give (5S,l'S) S-carbethoxy-S-^'-phenylprop^'^ 
{(IjHjimethylethoxycarbonyl)aminoh (5.43 g). This material (5.43 g. 

11.0 mmol) was decarboxylated (Example 1, Step G) to give (3R.5S.1 S) 3^3 phenyJprop-2'«enV-yi)-5-{1-<- 
(1 J^ime%lemoxycarbony()amino)-2-phenyle%!^^ (2.50 g). Following Example 1 t 
Step H, the aforementioned lactone (2.50 g, 5.9 mmol) was hydrolyzed, silylated, andYehydrolyzed to give 
N-(1 .l^timethylemoxycartxjnyO-SfSJ-amino^tSHl' ,l'-dlmethylethykl l 1-dimethyisilyloxy)-6-phenyl-2-(R)- 
(3'-phenylprop-2'-en-l'-yl)-h©xanoic acid (2.14 g). This material (0.31 g, 0.6 mmol) was coupled to (S>- 
phenylglycine-2-hydroxyethyl amide (0.14 g. 0.6 mmol) according to Example 1 ( Step I to give N'-(1|1- 
dimethyiethoxycartX5nyl)-5(S)-amino-4<S)(1 / j'-dimethylethyl-l J-dimethylsilyloxyJ-e-phenyl^R)-^'- 
phenyiprop-2 / -en-1 , -yi-)hexanoyl (S)-phenyIgycyl-2-hydroxyethyi amide (0.085 g). This silyl ether (0.085 g P 
0.12 mmol) was deprotected according to Example 1, Step J to give the title compound (0.039 g), mp 198- 
200 *C. 



EXAMPLE 21 
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Preparation of N-(1 (R).2(S)-dihydroxy-3(SHndanyl)-N / *(1 ,1 -d?methyiethoxycarbonyl)"5($)-amino»4(S>' 
s hydroxy»6-phenyl-2(RH3 -phenylprop-2 -en-1 -yl)-hexanamide 

According to Example 1, Step l f/ N'-(1 ,1-dimethylethoxycarbonyI)-5(S)-amrno-4(SHl'* <l'-dimethylethyl- 
1.lKJimeftyldIytoxy)-6i3heny acid (0.15 g f 027 mmol) was coupled 

to 1(R)2(S)-dihydroxy-3(S)-aminoindane (0.045 g, 027 mrnol) to give N r -(1,1<IFmetl^lethoxycartonyl)-5(S>- 
70 amino-4(S)-(l ' ,1 -dJmethylethyl-1 .InJimethylsiryloxyJ-S^henyl^fRHa'-phenylprop-a'^n-l '-yl)hexanoy M (R>- 
,2(S)-dihydroxy-3(S>-aminoindane (0.19 g). This material (0.19 g. 027 mmol) was deprotected according to 
Example 1, Step J to give the title compound, (0.11 g), mp 218-219* C. 



rs EXAMPLE 22 



Preparation of N-(2-hydrc»cyethyl>-N'-(1 ,1 ^iimethytettoxyca^ 
20 (phenylthiomethyl)hexanoyh(S)-phenylgrycyl amide 

According to Example 1, Step F, (5S,l'S) 3-carbethoxy-5^H(1t1^lmethyte^^ 
prienylethyI)dihydrofuran-2-(3H>-one (5.8 g, 15.37 mmol) was alkylated with phenyl thiomethyl chloride (2.44 
g, 15.37 mmol) to give (5S,l'S) 3-carbethoxy-3-(phenylthiomethyI)-5-(1-((1 ,1-dimethylethoxycarbonyl 

as )amino)-2-phenylethylHimydrofuran-2-(3HH3ne (8.58 g). This material (8.58 g , 172 mmol) was decarbox- 
ylated according to Example 1, Step Q ( to give (3R,5S,l'S) 3-(phenylthiomethyl)-5-(1{(1 r 1-dimethy(ethox- 
ycarbonyl)amirx)>2^henyiethyl)dihydmfuiBn-2-(3H)-one (1,3 g). Again, following Example 1, Step H, the 
decarboxylation product (1.3 g, 3.04 mmol) was hydrolyzed, silylated, and refiydrolyzed to give n'-(1,1- 
dimetiiytethoxycacbonyO-StShamino^SHI ' .1 -dimethylethyl-1 ,1-dlmethyisilyloxy)^i5henyl-2(RMphe- 

30 nytthtomethyl)hexanote acid (0.80 g). This material (0.35 g f 0.63 mmol) was coupled to (S)-phenylgrycine2- 
hydroxyethyl amide (0.43 g, 137 mmol) according to Example 1, Step I to give N'-{1.1-dimethyIethyM t 1- 
dimethylstlyloxy)-6-phenyl-2(R)- (phenytthiomethylJhexarKyHSH^henylgly^ (0.34 g). 

This silyi ether (0.33 g, 0.45 mmol) was deprotected according to Example 1, Step J to give the title 
compound (0.01 g), mp 158-159* C. 

35 

EXAMPLE 23 



40 

Preparation of N»(2(R)-hydroxy*1 (SHndanyl)-N'-(1 ,l-dimethytethoxy(^bonyl)-5(S)-amino-4(S)-hydroxy-6- 
phenyl-2(RH(4^1 1 1 -dimethy iethyl)pheny l)methy!)-hexanarnide " 

According to Example 1. Step F, (5S,l's) 3-carbethoxy-5-(1-((l J-dimethylethoxycarbonylJamino^- 
45 phenylethyl)dihydrofuran-2-{3H)-one (228 g, 6.05 mmol) was alkylated with 4-(1.1-dimethylethyl)- 

phenyimethyl bromide (1.37 g, 6.05 mmol) to give (5S,l'S) 3^arbethoxy-3-(4-(1,1-dimethylethyl)- 

phenylmethyl)-5-{1 -((1 f 1 <Knrathylethoxycaifconyt)amm (3.1 7 a). 

This material (3.17 g. 6.05 mmol) was decarboxylated according to Example 1, Step G, to give (3R.5S.1 S) 

3-{4-(1J^imethyle%0prienylrra^ 
so 2-(3H)-one (0.60 g). Following Example 1, Step H, the decarboxylation product (0.60 g, 123. mmol) was 

hydrolyzed, silylated, and rehydrolyzed to give N'-OJ-dimemethoxycarbony^ 

dimethyle%M,1-dimethysilyloxy>^ acid (022 g). 

This material (0.14 g, 024 mmol) was coupled to 1(S)-aminc-2(R)-hydroxyindane (0.043 g, 0.29 mmol) 

according to Example 1, Step I, to give N'-(1,1^irnethylethoxycarbonyl)-5(S)-aminc-4(S)- (l' ,l'- 
ss dimetrrylethyM,1-dimethylsiiylc^^ 

(RHiydraxyindane (0.172 g). This silyl ether (0.172 g, 024 mmoi) was deprotected according to Example 1, 

Step J, to grv the title compound (0.057 g), mp 1 87-1 89 * C. 
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EXAMPLE 24 



Preparation of N^2-benamidazolylmethyl)-N ^4^yrid^ 
phenyl-2(RHph"nytm thyl)hexanoylisoleucyl amide 



Step A: Preparation of N^2-^zimidazolylmethy[)-5(S)-aminc^ 
hexanoyl isoleucyl amide 

N'(2-benzimidazolylmethy[>-N'-{1 ^^imethylethoxycarbonyO-StS^amlno^SHiydroxy-S^henyl^R)- 
(phenylmethyl)-hexanoyl isoleucyl amide, 0.08 g (0.12 mmol) was dissolved in 10 ml of ChfeCfe with stirring 
and cooling in an ice water bath under argon. To this solution was added 2 mL of trifiuoroacetic acid. After 
stirring at 0* C for 2 hours, the reaction was concentrated in vacuo, and the residue partitioned between 100 
mL of CH2CI2 and 50 mL of saturated aqueous sodium bicarbonate solution. The organic layer was 
separated, washed with 50 mL of brine and dried (NaaSOi), filtered and concentrated in vacuo to give 0.065 
g (97%) of N-(2-beri2imidazotymethyI)-5(S)-am^ 
isoleucyl amide. 



Step B: hH2-benamkiazolytmemyi)-N ^4-pyridyfo^ 

(phenylmethylHiexanoyl isoleucyl amide " 

The product from Step A, 0.065 g (0.12 mmol), and 0.185 g (0.68 mmol) of Isonicotinoyl p-nitrophenyl 
carbonate were dissolved in 6 mL of dry DMF. After stirring at 25* C for 16 hours, the reaction was 
dissolved in 50 mL of CH2CI2, washed with 5 X 25 mL portions of 5% sodium hydroxide solution, 25 mL of 
brine, and dried (Na2SOt). Filtration and concentration in vacuo followed by chromatography on silica gel 
(CHaCbiCHsOH, 95:5) gave 0.016 g (20%) of title compound, mp 210-212* C; 



elemental analysis Calcd. for CioH^NsOs # 0.75 H 2 0: 



Found: 



c = 


60.20: 


H = 


6^); 


N = 


c = 


68.14; 


H = 


6.62; 


N = 



11.93. 
11.81, 



EXAMPLE 25 



Preparation of Dflithium N-(2-phosphoryfoxyethyl)-N ^1,1<linr)ethylethoxycarbonyih5(S)-amino-4(S)-hydroxy- 
6-phenyl-2(RHphenylmethyl)hexanoyl-leucine amide 



Step A: Preparation of Methyl N -(1 ,1-dimethylethoxycart>onyO^(S^OT 
(phenyimethyQhexanoymsoleucinate 

A solution of 170 mg (0.32 mmol) of N'-(1 ,1-dimethyIethoxycarbonyl>-5(S>-amino-4(SHt-butyldimethyl- 
sifyloxy)-6-phenyl-2(RHphenylmethyl)hexanoic add, prepared as described in Example 1, Step H, was 
dissolved in 1 mL DMF. To this solution was added 47 mg (0.35 mmol) l-hydroxybenzotriazofe hydrate, 68 
mg (0.35 mmol) dimethyl-3-(3<Jimethylamlnopropyl)<arbodiimide hydrochloride and 64 mg (0.35 mmoi) 
isoleudne methyl ester hydrochloride. After 5 minutes, triethylamine (98 uU 0.70 mmol) was added and the 
mixture 'was stirred overnight The product was partitioned between EtOAc and 10% citric acid and the 
organic phase was washed with water and brine. After drying (NazSOt), the solvent was evaporated to give 
250 mg of an oil which was purified by chromatography on silica (10% EtOAc/hexane). This material (220 
mg) was dissolved in 2 mL 1 M tetrabutylammonium fluoride in THF. After stirring overnight the mixtire was 
diluted with ether and washed with 10% citric add, water and' brine. After drying, the solvent was 
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evaporated to give 171 mg of material which was chrcmatographed on silica (2:1 hexane/EtOAc). There was 
obtained 1 S3 mg of the Step A product as a white solid. 



5 Step B: Preparation of N-(2-hydroxyethyl)-N'-(l ,1 ^memyiethoxy<^bcmyl)-5(S)-amino-4{Shhydroxy-6- 
phenyh2(RHPhenylmethyl)hexanoyHeucine amide" " ~ 

The methyl ester obtained in Step A (0.28 mmoi) was dissolved in 3 mL DME and 0.6 mL 1 N UOH 
was added followed by 1 mL water. The mixture was stirred 1 hour at room temperature and overnight at 

70 4* C. This mixture was allowed to warm to room temperature over 2 hours, diluted with 10% citric acid and 
the product was extracted into EtOAc. The extract was washed with water and brine. The extract was dried 
(Na2SO*) and evaporated to give 125 mg of a white solid. This solid was dissolved In 2 mL DMF with 1- 
hydroxyben2otriazole (28 mg, 0.28 mmol), ethanolamine (34 nL, 0.56 mmoi) and dimethy!-3-(3- 
dimethylaminopropyOcarbodiimide hydrochloride (54 mg, 028 mmol). After stirring overnight the mixture 

75 was diluted with water and extracted with EtOAc. The extract was washed with 10% citric acid, water and 
brine. After drying (I^SOi), the solvent was evaporated to give a white solid. The solid was stirred with 
EtOAc and a white solid weighing 5,4 mg was isolated by filtration. Recrystallization from acetone gave 30 
mg of the Step B product, mp 202-204" C. 



20 



25 



30 



Step C: Preparation of N-(2<iibenzylphc^horyloxyethyl^ 
hydroxy*6*phenyl-2(R)-(phenylmethyl)hexanoyHeucine amide 

The phosphorating agent [bis(benzyIoxy)KN,N<liisopropyJamino)phosphine] used in the following 
procedure is described in W. Bannwarth and A. Trzeciak, Herv. Chim. Acta. 70, 175 (1987). 

The compound prepared in Step B (21.7 mg, 0.038 mmol) was dissolved in 0.5 mL DMF and 15 mg 
(0.043 mmol) of bis(benzyloxyHN,N-dnsopropylamino)phosphine was added followed by 3.9 mg (0.056 
mmol) tetrazole. After 2 hours, an additional 11 mg of the phosphine and 3 mg of tetrazole were added and 
stirring was continued overnight. A quantity of m-Chloro-peroxy benzoic acid (30 mg of 65% purity, 0.056 
mmol) was added and the mixture was stirred for 1 hour. The mixture was diluted with EtOAc and washed 
sequentially with 5% NaHSOa, 10% NaHCOa and brine. After drying, the solvent was evaporated and the 
residue was chromatographed on 5 g silica gel (2.5% MeOH/CHCI 3 ). There was obtained 22.2 mg of Step C 
product 



35 



Found: 



Analysis Calcd. for C^I-UzNaOg: 



c =* 


67,46; 


H = 


8.31; 


N = 


c = 


67.20; 


H = 


8.37; 


N = 



7.3a 

7.32. 



40 



Step O: Preparation of Oilithium N-ff^hosphoryloxyethyQ-N'-Q^ 
hydroxy^phenyf-2(R)-fohenylme^ amide 

The product of Step C (19.6 mg, 0.024 mmol) was dissolved in3 mL 95% ethanol and 19 mg 10% Pd/C 
•was added. This mixture was stirred 4 hours under an atmosphere of hydrogen. Lithium hydroxide (48 L of 
1 N) was added and the mixture was filtered through Cefite. The Celite pad was washed with ethanol and 
water. The solvents were removed on a rotary evaporator and the residue was redissolved in 2 mL water. 
The cloudy solution was fiitered through Celite and lyophilized to afford 16.7 mg of the title compound as a 
fluffy white powder. 'H-NMR {D2O) $ (Chemical shift data relative to water peak assigned 5.50 ppm.) 7.29- 
705 (10H. m); 3.9 (1H, d); 3.64 (3H, m); 3.42 <1H. m); 3.16 (2H. t); 2.86-25 <6H, m); 15-1.8 (3H. m); 1.19 
(9H, s); 0.98 (1H, m); 0.7 (6H, m). 



55 EXAMPLE 26 
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Preparation of N-(2-(2-{2-methoxyethoxy)ethoxy)ethyl)-N # -(1 ,1 <limethylethoxycarbonyl)-5(S)-amino^S)- 
hydroxy-6^henyl»2(Rp(phenylmethyl)hexanoyl valyl amide ' ~ "* 



5 Step A: Preparation of 2-[2-(2-methoxyethoxy)ethoxy}-ethyt tosylate 

Powdered KOH (10.6 g r 0.20 mol) was suspended in anhydrous diethyl ether (250 mL) and cooled to 
0* C under an argon atmosphere. Triethylene glycol monomethyl ether (23.9 mL, 0.15 mol) and p-toluene 
sulfonyl chloride (30.5 g, 0.16 mot) were added sequentially to the suspension. The progress of the reaction 

70 was monitored by thin layer chromatography. After stirring for 16 hours, additional powdered KOH (2.5 g, 
0.04 mol) and triethylene glycol monomethyl ether (1.0 mL, 0.006 mof) were added to the reaction mixture. 
After another 2 hours no p-toluenesulfonyl chloride was present in the reaction mixture. The reaction 
mixture was filtered of solids and the filtrate was washed with water, and brine, dried (MgSCU), filtered, and 
concentrated in vacuo to give 46.5 g of Step A product as a colorless oil. 'H-NMR (CDCts) 5 2.45 (s, 3H); 

75 3.38 (s, 3H); 3.53 (m. 2H); 3.60 (m, 6H); 3.6B (t, 2H); 4.16 (t, 2H); 7.32 (d, 2H); 7.80 (d, 2H). 



' Step B: Preparationof 2^2-(2-methoxyethoxy)ethoxy]-ethyl phthalimlde 

20 Potassium phthalimlde (40.7 g, 0.22 mol) and the product of Step A (46.5 g, 0.146 mol) were mixed 
together in anhydrous dimethyl formamide (150 mL) and heated at 120* C for 2 hours under an argon 
atmosphere. The reaction mixture was cooled to room temperature, diluted with diethyl ether (600 mL) and 
tittered through Celite. The filtrate was concentrated in vacuo to give an oil. This oil was dissolved in diethyl 
ether (225 mL), and the ether solution washed with water, 0.1 N NaOH, and brine, dried (MgSO+), filtered 

25 and concentrated in vacuo to give another oil. This oil was triturated with water, causing some solid to 
crystallize out. The solid was filtered and the filtrate extracted with methylene chloride (2X75 mL). The 
combined extracts were dried (MgSO*), filtered, and concentrated in vacuo to give Step B product (24.4 g>- 
as a colorless oil. 1 H-NMR (CDCIa) 5 3.33 (s, 3H); 3.48 (m, 2H); 3.60 (m. 4H); 3.66 (m, 2H); 3.75 (t 2H);3.91 
(t. 2H); 7.70 (m, 2H); 7.84 (m, 2H). 

30 

Step C: Preparation of 2*[2-(2-methoxyethoxy)ethoxyI-ethyl amine 

The product of Step B (24.3 g, 0.083 mol) was dissolved in ethanol (100 mL) and hydrazine (26.5 mL, 
as 0.83 mol) was added. The reaction mixture was heated to reflux and a coptus white solid precipitated out 
The reaction mixture was cooled to room temperature, diluted with ethanol (500 mL) and filtered. The filtrate 
was concentrated in vacuo to give an oil. This oil was combined with the solid from above, mixed with water 
(250 mL) and the pH adjusted to 2.0 by addition of concentrated hydrochloric add. An insoluble solid was 
filtered and the filtrate was made strongly basic by addition of 10 N NaOH. This solution was extracted with 
40 methylene chloride(4 x 100 mL). The methylene chloride extracts were combined, dried (NaOH) and 
concentrated in vacuo to give 12.1 g of oiL This oil was chromatographed on silica gel eluted with 5%. 
methanol in chloroform, saturated with ammonia to give Step C product (9.57 g) as a colorless oil. 1 H-NMR 
(CDCIa) 5 1.54 (s, 2H); 2.87 (t, 2H); 3.38 (s, 3H); 3.52 (t, 2H); 3.56 (m, 2H); 3.66 (m, 6H). 

45 

Step D: Preparation of N-ftert-butoxycarbonylH-valtne succinimide ester 

N-(tert-butoxy carbonyl)-L-valine (5.02 g, 0.023 mol), N-hydroxy succinimide (2.88 g, 024 mol), and 1- 
(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (4.89 g f 0.025 mol) were dissolved together in 
so anhydrous dimethylformamide (25 mL). After stirring for 16 hours at room temperature, the reaction mixture 
was concentrated in vacuo to remove solvent. The residue was partitioned between ethyl acetate and 10% 
aqueous citric acid The organic phase was separated, washed with saturated aqueous NaHC03, brine, 
dried (MgSOi), filtered and concentrated in vacuo to give 6.83 g of a white solid. 1 H-NMR (CDa 3 ) 3 1.05 
(m, 6H); 1.46 (s, 9H); 2.30 (m f 1H); 2.85 (s. 4H); 4.60 (dd, 1H); 5.02 (d. 1H). 



Step E: Preparationof N-[2-(2-[2-methoxyethoxyI-ethoxy)ethyHvaline amide hydrochloride 
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The product of Step 0 (130.5 mg, 0.41 mrnol) and the product of Step C (73 mg, 0.45 mmol) were 
dissolved together in dim thoxyethan (1.5 mL) at room temperature under an atmosphere of argon. After 4 
hours, the reaction mixture was concentrated in vacuo to remove solvent and the resfdue was chromatog- 
raphed on silica gel using a gradient elution of 0-5% methanol in chloroform. This gave 108.5 mg of a 
colorless oil as product 'H-NMR (CDCI 3 ) 5 0.90 (d, 3H); 0.95 (d. 3H); 1.45 (s. 9H); 2.10 (m. 1H); 3,40 (s. 
3H); 3.48 (m. 2H); 3.58 (rn. 4H); 3.62 (m, 6H);W2 (t,1H); 5.15 (d, 1H); 6.40 (br.s. 1H). This oil was 
dissolved in ethyl acetate (5 mL) and cooled to 0*C. Hydrogen chloride gas was bubbled into the solution 
vigorously for 20 seconds and then stopped. After another 15 minutes at 0*C, the reaction mixture was 
concentrated in vacuo to give 76.8 mg of a non-crystalline solid as the Step E product 

Step F: Preparation of N^2-(2-(2-methoxyethoxy)-ethoxy)ethyl)-N / -(1 .l-dimethylethoxycarbonyQ-StS^amino^ 
4(S)-hydroxy-6"phenyl*2-(R)*(phenyimethyl)hexanoyl valyl amide 

5(SHert-butoxycarbonylamincK2P^ acid (98 

mg. 0.186 mmol), 1-hydroxybenzotriazole (28.9 mg, 0.208 mmol), 1-(3-dimetfiylaminopropyl)-3-ethyl car- 
bodiimide hydrochloride (40.2 mg, 0.21 mmol) and the product of Step E (69 mg, 0.231 mmol) were 
dissolved together in anhydrous dimethyl formamide (4.5 mL). Triethyl amine (70 ul 0.502 mmol) was 
added to the solution and the reaction mixture was stirred at room temperature for 16 hours under an 
atmosphere of argon. The solvent was removed in vacuo and the oil residue was partitioned between ethyl 
acetate and 10% aqueous citric acid. The organic phase was separated and washed with brine, dried 
(MgSO*), filtered and concentrated in vacuo to give an oil weighing 176.8 mg. This oil chromatographed on 
silica gel eluted with a gradient of 0-3% methanol in methylene chloride to give 135 mg of a colorless, oil. 
This oil was dissolved in a 1 molar tetrahydrofuran solution of tetrabutyl ammonium fluoride (3 mL) and 
stirred at room temperature for 16 hours. The reaction mixture was concentrated in vacuo and the resfdue 
partitioned between ethyJ acetate and 10% aqueous citric add. The organic phasewas separated, washed 
with saturated aqueous NaHCOa and brine, dried (MgSO*) and concentrated in vacuo to give 108 mg of oil. 
This oil wash chromatographed on silica gel eluted with 10% ethanol in hexane to give 35 mg of the title 
compound as a white solid. 'H-NMR (CDCIa) 5 0.79 (d, 3H); 0.84 (d, 3H); 1.36 (s. 9H); 1.73 (m, 2H); 2.00 (m, 
1H): 2.66 (dd, 1H); 2.86 (m ( 4H); 3.33 (m, 5H); 3.56 (m, 12H); 4.13 (t. 1H); 5.00 (d, 1H); 7.00 (d, 2H); 7.17 
(m, 10H). 



Analysis Calcd. for C3 5 Hs&N 3 (Vl/2 CaHsO: 



Found: 



c = 


65.27; 


H = 


8.59; 


N = 


c = 


65,19; 


H = 


8.34; 


N = 



6.17. 
6.25. 



EXAMPLE 27 



Preparation of NK1,1-dimethy)ethoxyc^bonyl)-4(Sh^ 

phenylalanine amide ~" — 



Step A; Preparation of N'-(1 , 1 -dimethylemoxy carbonyl)-4(S)-amino-5-^yclohexyl>3(S)-hy droxy pentanoy l-(w- 
Q-benzylglutamyl)-phenylaJanine amide ""~ 

To .a solution of Glu (70CH 2 CsHs)-Phe-NH 2 'HCl (820 mg, 0.00195 mole). Boc ACHPA'OH (590 mg, 
0.0019 mole), and 1 -hydroxy benzatriazole (800 mg, 0.0059 mole) in N,N-dimethylformamide (10 mL) cooled 
at -20 "C was added N^methylmorpholine (1.0 mL, 0.009 mole) followed by 1-ethyl-3-(3- 
dimethylamlnopropyl) carbodiimide-hydrochloride (375 mg, 0.0019 mole). After addition of another 0.7 mL 
of N-methylmorphoIine (pH-8), the reaction mixture was stirred under N 2 at about -20* C for 2 hours and at 
room temperature overnight (20 hours). The solution was concentrated in vacuo and the residue taken up in 
ethyl acetate and 10% aqueous citric acid. The ethyl acetat solutiorT vJSTwashed with water, aqueous 
NaHCOs, and brine, and dried over NaaSO*. Filtration and evaporation gave a pale yellow residue, which 
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was triturated with ether to give the Step A product as a white solide (1 .1 5 g, 90% yield), mp 1 47-1 50 * C. 



Analysis Calcd. for CszHszN^Og Nat WL 680.855 



Found: 



c = 


65,27: 


H = 


7.70; 


N * 


c = 


65.41; 


H = 


7.81; 


N « 



8.23. 
8.34. 



Step 6: Preparation of N -(1 ,1-dimethylethoxycarbonyl)^S)-amino-^^ 
glutamyl-phenylalanine amide 

A mixture of Boc ACHPA-Glu (YCHaCeHs) PheNH 2 (1.1 g, 0.0016 mole) and 10% palladium on 
activated carbon (60 mg) in methanol (25 mL) was stirred under a hydrogen atmosphere for 4 hours and 
then filtered through a pad of Super-cel. The filtrate was concentrated in vacuo and the residue recrystaJ- 
llzed from methanol to give the title product as a colorless crystalline solid (560 mg, 56% yield), mp 
>180'Ceff. 



Analysis Calcd for CaoHie^CH'CHaOH, 



Found: 



c = 


59.79; 


H = 


8.09; 


N = 


c = 


59.43; 


H = 


8.18; 


N = 



9.00. 
9.06. 



EXAMPLE 28 



Preparation of N-(3-dimethylaminopropy l)-N -Q ,1 ■dimethylethoxycarbonyl)-5(S)"amino-4(SHiydroxy"6- 
phenyl-2(RHphenylrnethyl)hexanoyl valyl amide 



Step A: Preparation of N -(1 ,1-dimethylethoxycarbonyl)-5(S)-amino-4(SK1 t 1 -dimethylethyl-1,1 -dimethyl- 
silyloxy)-6-phenyi-2(RHphenylmethyl)hexanoyl-fH4 ,4 -dimethylamino propyl)valyl amide 

n'-(1 ,1 -dimethy lethoxycartonyl)-5(S)-amino4(SH1 ' .1 '-dimethylethyl-1 ,l-dimethylsilyloxy)-6-phenyl-2- 
(R)-(phenylmethyI)hexanoyl-valine, 0.2 g, was reacted with 0.04 g of 4,4-dimethylaminopropyl amine, 0.075 
g 1-ethyl-3-(3-dimethylaminopropyl) carlxidiimide hydrochloride, and 0.053 g 1 -hydroxy benztriazole hydrate 
using trlethylamine to adjust the pH to 8.5 as in Step A, Example 2, to give the Step A product after 
purification of preparative thin layer chromatography (10% methanol/chloroform saturated with ammonia). 



Step B: Preparation of n'-(1 ,1 -dimethy lethoxy carbony l)-5(S)-amino-4(S)-hydroxy-6-phenyl2(R>- 
(phenyimethyl)-hexanoyl-N-(4' t 4*-dimethyiaminopropyl)valyl amide 

The product from Step A, .18 g, was treated with 2 mL of a 1 M solution of tetrabuty (ammonium fluoride 
as in Step A, Example 2, to give .078 g of the product (mp 175-177 0" C) after purification by preparative 
thin layer chromatography (10% methanol/methylene chloride). A sample of this product, 0.03 g, and maieic 
acid, 0.006 g, were dissolved in 10 mL of methanol and stirred for 10 minutes, after which time the solvent 
was removed and the resulting solid recrystallized from ethyl acetate/methanol to yield 0.027 g of the 
product as the mateate salt (mp 125-1 27 0* C). 



EXAMPLE 29 
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Preparation of N-BeozyW2(SHN-2(SH(1.1<ttmethyte^ 
hydroxy-2-propyl>1 (R)-cyclopentane carboxamid ("cis-Ty r-Pro ") 



Step A: Preparation of N-6(SH(1.1-Pimethylethoxy<^onyl)am^ 

acid " ~~ ' 1 

To a stirred suspension of 4-carboxybutyltriphenyl phosphonium chforide (77.4 g, 201 mmof), (prepared 
as described by D.B. Denney and LC. Smith, ^ Org. Chenru, 27, 3404 (1962)) in 400 mL dry 
tetrahydrofuran cooled to 0' C in an Ice/Water bath and under nitrogen was added dropwise a solution of 
potassium bis(trimethylsilyl)amide in toluene (505 ml, 0.692 M, 349 mmol) such that the temperature of the 
reaction remained below 0.8* C. After addition the reaction was stirred at 0* C for 5 hours, cooled to -75* C 
in a dry ice/isopropanol bath, and a solution of N-2(SH(1 ,1^imethyletho^cart}onyl)-amino}-3-(4-ben2yiox- 
yphenyl)propionatdehyde (17.7 g ; 49.5 mmol) in 200 mL dry tetrahydrofuran was added dropwise such that 
temperature remained below -73* C. After addition was complete, the reaction mixture was allowed to slowly 
warm to 25* C where it was stirred for 18 hours. Reaction was quenched by the addition of methanol (40 
mL) and concentrated under reduced pressure. The residue was taken up in ethyl acetate (200 mL) and 
10% citric acid (200 mL). the organic phase was collected, and the aqueous phase was extracted with ethyl 
acetate (3 x 100 mL). The combined organics were washed with saturated NaHCOs (3 x 100 mL) and brine 
(1 x 100 mL) f dried over anhydrous magnesium sulfate, filtered and concentrated to give 35 g of a yeJIow 
oil. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 x 15 cm 
column; chloroform (97%):methanol (3%)) to yield Step A product (19.0 g, 90% yield). An analytical sample 
was obtained by ^crystallization from diethyl ethenhexane, mp 1 1 3-1 1 5 * C; 



elemental analysis, Calcd. for C25H31NO5 (425.526): 



Found: 



c = 


70.56; 


H - 


7.34; 


N = 


c = 


70.45; 


H = 


7.54; 


N = 



3.29. 
3.30. 



Step B: Preparation of N^(SH(1J-Pimethytethoxycarbonyl)am^ 

heptene ' ' 



To a stirred solution of the product of Step A (18.8 g, 44 mmol) in 50 mL dry tetrahydrofuran under 
nitrogen was added triethylamine (9.2 mL, 66 mmol). The solution was cooled in an ice/methanol bath to 
-18] C and ethyl chloroformate (6,3 mL, 66 mmol) was added such that the temperature remained below 
-10* C to give a light yellow suspension. After warming tp -2* C over 45 minutes, the mixture was filtered 
through a medium sintered glass funnel with cooling of the filtrate in an ice bath. To the filtrate at 0* C 
under nitrogen was added portionwise sodium borohydride (3.1 g f 82 mmol) followed by dropwise addition 
of methanol. After stirring at 0*C for 1 hour following addition, the reaction was quenched by the additionof 
water (50 mL) and allowed to warm to 25 *C. The mixture was poured into 10% citric add (200 mL) and 
extracted with diethyl ether (3 X 150 mL). The combined organics were washed with 5% NaOH (3 X 100 
mL) t water (1 X 100 mL), and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated. The crude product was purified by tow pressure chromatography (silica gel 230-400 mesh; 9 
x 15 cm column; chloroform (98%):methanol (2%)) to yieid Step B product (14.5 g, 80% yield). An 
analytical sample was obtained by recrystailizatton from ethyl acetate:hexahe, mp 94-97* C; 



elemental analysis Caicd. for C 2 sH 3 3NO+ (411.542): 



Found: 



c = 


72.96; 


H = 


8.80; 


N = 


c = 


72.89; 


H = 


8.05; 


N = 



3.40. 
3.26. 



Step C: Preparation of N-6($H1 1 1 -Dimethy »ethoxycarbonyl)aminoI-7-(4-benzy toxyphenyQ-1 ■ 
methan sulfonyKZH-heptene ~~ 
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To a stirred solution of the product of Step B (5.55 g, 13.4 mmol) in 100 mL dry methylene chloride 
cooled to 0* C In an ice/water bath and under nitrogen was added triethylamine (7.7 mU 55 mmol) followed 
by methanesulfonyl chloride (2.1 mL, 27 mmol) dropwise such that temperature of the reaction remained 
below 2* C. Th reaction was stirred at 0* C for 30 minutes then quenched by the addition of ice water (100 
s mL). After warming to 25 *C, the organic phase was collected and the aqueous phase was extracted with 
m thyfene chloride (2 X 25 mL). The combined organics were washed with water (2 X 50 mL), 10% citric 
acid (2 X 50 mL), saturated NaHCCfe (2 X 50 mL). and brine (1 X 50 mL), dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give Step C product (6.55 g, quant yield) as a white solid, mp 73- 
75' C. 



Step D: Preparation of N-6(S)-[(1 ,1 -0ime%lethoxycarbonyl)aminofr7^44>enzy^^ 
tone " 

15 To a stirred solution of sodium iodide (19.9 g, 13.3 mmol) in 100 mL acetone under nitrogen was added 
a solution of the product of Step C (6.5 g, 13.3 mmol) in 130 mL acetone. The clear yellow solution was 
stirred at 25* C for 1 hour, heated under reflux for 1 hours, and stirred at 25* C for 1 hour. Upon 
concentration under reduced pressure, the resultant residue was taken up in water (50 mL) and extracted 
into ethyl acetate (3 X 50 mL). The combined organics were dried over anhydrous magnesium sulfate, 

20 filtered, and concentrated to give Step D product (6.7 g, 97% yield) as a light yellow solid. An analytical 
sample was obtained by recrystallization from diethyl ether, mp 83-84.5 * C; 



elemental analysis Catcd. for Cas^NOa! (521.44): 



c » 


57.58; 


H * 


6.18; 


N = 


2.69. 


c = 


57.61; 


H - 


6.10; 


N = 


2.67. 



30 



Step E: Preparation of Ethyl N-6(SH(1 . 1 -dimethy iethoxycarbony l)amino}-9-(4-benzy loxy phenyl)-2- 
ethoxycarbonyl-(Z)-6-nonenoate 



55 



40 



45 



To a stirred suspensionof sodium hydride (53.5 mmol, from 2.14 g, 60% in oil dispersion; rinsed with 3 
X 30 mL dry hexanes) in 20 mL dry dimethylformamide cboled to 0*C in an ice/water bath and under 
nitrogen was added dropwise diethyl maionate (12.1 mL, 80 mmol). The mixture was stirred at 25* C for 30 
minutes, then a solution of the product of Step D (6.57 g, 12.6 mmol) in 35 mL dry dimethytformamide was 
added rapidly via cannula. The reaction was heated at 80* C for 40 minutes, cooled to 25*C, and 
concentrated under high vacuum. The resultant residue was partitioned between ethyl acetate (200 mL) and 
10% citric acid (100 mL), the organic phase was collected and the aqueous phase was extracted with ethyl 
acetate (3 X 50 mL). The combined organics were washed with water (2 X 100 mL), saturated NaHC0 3 (2 X 
100 mL), and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give 16 g yellow oil. Crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 
9 X 15 cm column; hexanes (85%):ethyl acetate (15%)) to yield Step E product (6.95 g» 99% yield as an 
oily white solid. An analytical sample was obtained by recrystallization from diethyl etherrhexanes, mp 45- 
46* C; 



50 



elemental analysis Calcd. for C^H^NOz (553.697): 



Found: 



c = 


69.42; 


H = 


7.83; 


N a 


c = 


69.40; 


H = 


7.77; 


N = 



2.53. 
2.46. 



55 Step f- Preparation J Ethyl N-8(SH(1 .1 -dlmethy Iethoxycarbony l)aminoh9^(4-benzyloxyphenyl)-2- 
ethoxycarbonyl^6(R) t 7(R)-epbxy^nonenoate 



To a stirred solution of the product of Step E (6.60 g, 12 mmoQ in 100 mL dry methylene chloride 
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cooled in an ice methanol bath to -16* C and under nitrog n was added in one portion 3-chloroperoxy ben- 
zoic add (97%, a2 g, 47 mmol). Reaction mixture was sJowly allowed to warm to 15* C over 6 hours then 
was concentrated to dryness. The residue was taken up in diethyl ether (400 mL) and washed with diluted 
NaHCOs (2 X 100 mL), diluted Na2S0 3 (2 X 100 mL), diluted NaHCOa (2 X 100 mL), and brine (1 X 100 
mL), dried over anhydrous magnesium sulfate, filtered, and concentrated. The crude product (as a mbcture 
of isomers (threorerythro = 5:2 by 1 H-NMR)) was purified by low pressure chromatography (silica gel 230- 
400 mesh; 10 X 16 cm column; hexanes (70%):ethyl acetate (30%)) to yield the product of Step F (4.46 g, 
65%), mp 49-51* C. 



Step Q: Preparation of 3(R)-Carboxyethyl-8(SHN-1 (S>((1 ,1-dimethylethoxycarbony0amino)-2-{4-benzylox- 
yphenyi)ethyl]-1"Oxa-7(S)-bicyckh[3.3.03octane-2-one 

To a stirred solution of Step F product. ^7(SH(1.1^ime%lethoxycart)onyl)am^ 
yphenyl)-1,1^i<^bonxyethyl-5(R),6(R)-epoxy-octane (2.1 g, 3.7 mmol), in 100 mL dry tetrahydrofuran 
cooled to -20* C in an ice/methanol bath and under nitrogen was added dropwise a solution of lithium bis- 
(trimethylalyl)amide in hexanes (7.4 mL, 1.0M, 7.4 mmol)." The reaction was allowed to warm to -5*C over 
5 minutes then was cooled to -10* C and a solutionof zinc chloride (7.4 mL, 1 .0 M, 7.4 mL) was added. The 
clear solution was allowed to warm to 25* C where it was stirred for 64 hours. The reaction was poured into 
10% citric acid (150 mL) and the mbcture was extracted with diethyl ether (3 X 100 mL). The combined 
organ ics were washed with saturated NaHCOs (2 X 50 mL) and brine (1 X 50 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give a clear oil The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; methylene chloride (95%):ethyl 
acetate (S%)) to yield Step Q product (1.4 g, 72% yield) as a clear foam, mp 41-43* C; 



elemental analysis Calcd. for C 3 oH 3 7NOr (523.627): 



c = 


68.81; 


H = 


7.12; 


N a 


c * 


68.77; 


H = 


7.13; 


N - 



Step H: Preparation of 8(SHN-1(SH(1,1-Dim9thylethoxycarbonyl)a^ 

3(R) ( 7(S)-bicyclo[3.3.0]octane-2-one ' ' 

To a stirred solution of the product of Step Q, (47 mg, 0.09 mmol) in 1:0 mL 1,2-dimethoxyethane under 
nitrogen was added 1.0 mL 1N UOH (aq.). The clear solution was stirred for 4 hours then 13 mL 10% citric 
add was added. The mixture was extracted with diethyl ether (3 X 20 mL) and the combined organics were 
washed with water (1 X 20 mL) and brine (1 X 20 mL), dried over anhydrous magnesium sulfate, filtered, 
diluted with 20 mL dry toluene, and concentrated to dryness. The crude acid was dissolved in 10 ml 
xylenes and heated at 160* C for 10 hours then concentrated under high vacuum. The crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; hexanes (75%);ethyl 
acetate (25%)) to yield the mte product of Step H, (20 mg, 49% yield), as a white solid, mp 134-137* C. 
(C;H;N). 



Step I: Preparation of ^Benzyi«2(SM^2(SH(1.1-dim^ 

(S)-hydroxy-1-propylI'1(R)>cyclopentane carboxamide " 

To a stirred solution of benzylamine (0.05 mL, 0.45 mmol) in 3 mL dry tetrahydrofuran cooled to -78* C 
in a dry Ice/isopropanol bath was added a solution of n-butyilithium in hexanes (0.20 mL, 1.6 M, 0.32 mmol) 
to give a red solution. After 15 minutes at ; 70* C a solution of the product of Step H (20 mg, 0.04 mmol) in 
2 mL dry tetrahydrofuran was added. After 90 minutes at -70*C ( the reaction was quenched by the 
additionof 10% citric add (10 mL). The mixture was xtracted with ethyl acetate (3 X 15 mL); the combined 
organics were washed with water (1 X 15 mL), saturated NaHC0 3 (1X15 mL), and brin (1 X 15 mL), dried 
over anhydrous magnesium sulfate, filtered, and concentrated. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh, 5 X 16 cm column; acetonltrile (10%):methylen 
chloride (90%) to acetonitrile (20%):methylene chloride (80%)) followed by preparative thin layer 
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chromatography (E. Merck plate, silica gel F254, 0.5 mm; acetonltrile (20%):methylene chloride (80%)) to 
yield th Step I product (18 mg. 73%-yield), (C;H;N). 



s Step J: Preparation of N-Benzy l-2(SHN-2(SH(1 »1 -cfimethy lethoxycarbony l)amino)-3-(4-hydroxypheny l)-2(S)- 
hydroxy-1 -propyl>1 (R)-cyciopentane carboxamide 

The product of Step I, 15 mg, was dissolved in 3 mL ethanoi and 3 mL tetrahydrofuran and to it was 
added 5% palladium on carbon, 20 mg. The mixture was stirred under hydrogen at atmospheric pressure 
to for 20 hours, then filtered and concentrated to dryness. The oily residue was dissolved in 2 mL of ethanoi 
and 10 mL of water was added. A white solid precipitated which was collected and dried. The yield was 12 
mg of pure product (95% yield), (C;H;N). 



75 EXAMPLE 30 



Preparation of N-Benzyl-2(RHN-2(SH(1 ,1 -dimethylethoxycarbonyl)am]no)-3-(44iydroxypheny l>-2(S)- 
20 hydroxy-1-propyll-1(RHyclopentane carboxamide ("trans-Tyr-Pro") ~ 



Step A: Preparation of 4(SH(1,1-dimethyl-ethoxy<atrtxxiyl^ 
tens: 

25 

To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry JHF cooled 
to 0* C was added dropwise 120 mL of commercial 1 M vinylmagnesium bromide in THF. The mixture was 
cooled to -30* C and a solution of 10.8 g (30 mmol) of N-2(SH(1»1<iimethylethoxycarbonyt)amino}-3-(4- 
benzy1oxyphenyl)-prop!onaldehyde In 200 mL of dry THF was added slowly keeping the temperature at -30 

oo i 5* C. The reaction was allowed to warm to room temperature and stir for 90 minutes, then quenched by 
addition of 500 mL of 10% citric add and extracted into 1 L of diethyl ether. The ether extracts were dried 
over MgSOi, filtered and concentrated to give a white solid. Crude product was purified by bw pressure 
chromatography (silica gel; 10%-50% ethyl ac6tate/CH 2 Cb) to yield the 3(8) alcohol, 6.0 g (56% yield) as a 
white sofld which was essentially homogenous by TLC (10% ethyl acetate/hexanes). Further eiution with 

35 50% ethyl acetate/hexanes afforded 0.77 g (7% yield) of the 3(R) alcohol. 



Step B: Preparation of 4(S)-[1 A -dimethy lethoxycaitonyl)amino}-3(S)-acetoxy-5-(44Denzyloxypheny l)»1 -pen- 
tene 

40 

The product of Step A, 6 g, was dissolved in 200 mL of CH2CI2 and to it was added 3 mL of acetic 
anhydride, 4.4 mL of triethylamine and 25 mg of 4-dimethylaminopyridine. The mixture was allowed to stir 
at room temperature overnight then diluted with 100 mL CH2CI2 and washed with 1 X 20 mL 10% citric 
acid 1 X 200 mL H 2 0, 1 X 200 mL saf d NaHCOa and dried over MgS0 4 , After filtration and removal of 
45 solvents under reduced pressure, the crude product was purified by low pressure chromatography (silica 
gel; 25% ethyl acetate/hexanes) to yield the pure acetate, 6.65 g (quant.), as an oil which was homogenous 
by TLC (25% ethylacetate/hexanes). 



so Step C: Preparation of Nj3(SH(^ 
acid 

The product of Step B, 7.43 g, was dissolved in 40 mL of dry THF and added dropwise to a solution of 
62 mL of commercial 0.692 M potassium hexamethyldisilazide in toluene and 100 mL of dry THF cooled to 
55 -78* (±5)* C under nitrog n atmosphere. After 10 minutes at -78(±5) " C, a solution of 7.3 g of t-butyl- 
dimethyfsilyf chloride in 30 mL of dry hexamethylphosphoramide was added. The mixture was allowed to 
warm to room temperature and stir tor 15 hours, then diluted with 400 mL of ethyl acetate and washed with 
2 X 100 mL 10% citric acid and 2 X 200 mL of H 2 0. The aqueous lay rs were extracted with 1 X 100 mL Of 
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ethyl acetate and the combined organic extracts were washed 2 X 200 mL of sat'd brine and dried over 
MgSOi. After filtration and removal of solvents under reduced pressure the residue was dissolved in 20 mL 
of 1 M tetra-n-butylammonium fluoride in THF and allowed to stir under nitrogen for 24 hours at room 
temperature. The mixture was diluted with 50 mL of 10% citric acid and extracted with 3 X 100 mL of 
5 chloroform. The combined organic extracts were washed with 1 X 200 mL of water and dried over MgSO* 
then concentrated to dryness. The crude product was purified by low pressure chromatography (silica gel, 
5% methanol/CHCIs) and recrystallization from ethanol/water to yield 6.33 g (85% yield) of pure product 
mp 121-2" C 



10 



elemental analysis, Calc'd for C 2 sH 3 iNOs (425.52): 



Found: 



c = 


70.57, 


H = 


7.34, 


N * 


c = 


70.38, 


H = 


7.22, 


N = 



3.29; 
3.16. 



15 



Step D thru Step G: Preparation of 8(SHN-1(SH(1 .1-dimethylethoxycarbonyl)amino)'2-(4-ben2yloxyphenyl)- 
ethylPl-oxa^(S).7(R)-bicyclo[3.3.0]-octane-2-one ~~ ~~ 

Employing the procedure substantially as described in Example V, Steps C through F, but substituting 
for the N-6(SH(1 f 1-dimethylethoxy carbonyl)amino>7-(4-benzyloxyphenyl)-(E)-heptenoic acid the product of 
Step C, 4.8 g, there was obtained in sequence the following: 



(Step 0) 

N-6(SH(1. 1-dimethy !ethoxycarbony[)amirw]-7^ as a white 

solid. 4.4 g (quant yield) which was essentially homogeneous by TLC (5% methanol/CHCI 3 ). 



(Step E) 

N-6(SH0 .1-dimethyIethoxy<^rt»ny!)amta as 
a dear resin, 4.2 g (78% yield) which was essentially homogeneous by TLC (5% methanol/CHCb. 



(StepF) . 

N^(SH{1.1^imethylethoxy<^ as a colorless 

resin, 4.3 g (96% yield) which was essentially homogeneous by TLC (2% acetonitrile/CH 2 Cl2). 



(Step G) 

Ethyl N-8(SH0 .1 ^methyiethoxycarbonyl)-amino>9K4^ 
enoate as a waxy solid, 4.4 g (98% yield) which was essentially homogeneous by TLC (25% 
acelate/hexanes). 



(Step H) 

Ethyl N-8(SH(1 *1<fimethylethoxycarbcwyl)-ami 7(S>- 

epoxynonenoate as an oil which crystallizes in the freezer (melts below 0*C), 3.48 g (77% yield). The 
product was essentially homogeneous by TLC (30% ethyl acetate/hexanes). 



(Step I) 
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3-Ethoxycarbony l-8(S)-[N-(1 (SH{1 ,1 -dimethyl ethoxycarbonyl)amino)-2-{4-benzyloxyphenyl)ethyl]-1 -oxa- 
7{S)-bicyck>[3.3.0]octane-2-on as a colorless foam, 3.2 g (quantitative yield) which wa3 essentially 
homogeneous by TLC (5% ethyl acelate/CHfeCfc). 



(Step J) 

8(SHN-(1 (S)-((1 ,1-dimemylethoxycarbonyl)amino)-2-(4-ben2y^ 7(R)-bicyclo- 
[3.3.0]octane-2-one as a white solid (1.98 g, 72% yield): mp 157-159*0, 



elemental analysis, Calc'd for C27H33NOS (451.567): 



c = 


71.71; 


H = 


7.37; 


N = 


c = 


71.82; 


H = 


7.31; 


N = 



Step K: Preparation of 3-(1 .1 -dimethylethoxycarbony l)-2,2-dimethyh4(SH4"benzyloxyphenyrmethylh5(S)-[2" 
(S)-hydroxymethyl*1(R)-cyclopentyl]oxa2olidfne: 

The product of Step J, 1.0 g (2.2 mmo!) was dissolved in 50 mL of 1,2-dimethoxyethane and to it was 
added 5.5 mL (11 mmol) of 2 M lithium borohydn'de in THF. The solution was allowed to stir for 8 hours at 
room temperature then quenched by dropwise addition of 10 mL of water, followed by 25 mL of 10% citric 
acid. The mixture was extracted with ethyl acetate (2 X 50 mL) and the organic extracts washed 50 mL 
saturated NaHCCh dried over MgSO* and concentrated to dryness. The oily residue (1.0 g) was dissolved 
in 5 mL of 2,2-dimethoxypropane and 15 mL of acetone and to it was added 16 mg of p-toluenesulfonic 
add, monohydrate. The mixture was stirred under nitrogen atmosphere for 24 hours, then poured Into 50 
mL of saturated NaHCOa and extracted with 3 X 100 mL of ethyl acetate. The combined organic extract 
were dried over MgSO* and concentrated to dryness. The residue was purified by low pressure chromatog- 
raphy (silica gel, 3% ethyl acetate/hexanes) to give 1.05 g (95% yield)* of a colorless foam which was 
essentially homogeneous by TLC. 



Step L: Preparation of 3-(1.1^imefrylethoxycarbonyl)-2,2^ 
(RHormyl-1 (R)-cyclopentyl)oxazolidine: 

The product of Step K, 1.05 g was dissolved in 50 mL of CH 2 Cb and added dropwise to a stirred 
solution of 0.20 mL at anhydrous DMSO and 0.20 mL of oxalyl chloride at -78* C. After 20 minutes stirring 
at -78* C, dry triethylamine, 0.70 mL was added slowly. After stirring for 40 minutes at -78* C, the mixture 
was allowed to warm to room temperature and stir for 30 minutes. The mixture was diluted with 200 mL of 
CH 2 a 2 and washed with 1 X 100 mL 10% citric acid, 1 X 100 mL H 2 O f 1 X 50 mL saturated NaHCOs and 
dried over MgSO*. After removal of solvents under reduced pressure, the residue, 1.1 g, was dissolved in 
16 mL of absolute methanol and to it was added 0.276 g (2 mmol) powdered anhydrous teCOs. After 2 
hours at room temperature, the reaction was cooled to 0* C and treated with 230 mL (4 mmol) of glacial 
acetic acid. After 5 minutes, the mixture was warmed to room temperature and 10 mL 1 M pH 7 phosphate 
buffer was added. After 30 minutes stirring, the mixture was concentrated and the aqueous phase extracted 
with 5 X 50 mL of ether. The combined ether extracts were dried over MgSO* and concentrated to dryness. 
The crude product was purified by low pressure chromatography (silica gel, 15% ethy! acetate/hexanes) to 
yield 0.92 g of the product f>10:1 of the 2(R):2(S) aldehydes) as a foam. The product obtained in this 
manner was essentially homogeneous by TLC (15% ethyl acetate/hexanes). 



Step M: Preparation of 2(R)-[N-2(S)-((1 .1 ■dimetiiylethoxycarbonyl)amino)-1 (S)-hydroxy-3-(4-benzylox- 
yphenylH -propyl]-! (R)-cyciopentanecarfaoxylic acid 

The product of Step L, 0.25 g (0.5 mmol) was disserved in 3 mL of tert-butanol and 2 mL of 1.25 M 
aqueous potassium phosphate buffer (pH * 6.8). To it was added 3.0 mL of aqueous 1 M KMnO* solution 
with stirring. After 5 minutes, the reaction was quenched by addition of solid NazSOa (3mL) and the pH 
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adjusted to 3 with ice cold 10% citric acid. The mixture was xtracted into 5 X 50 mL of ethyl acetate and 
th combined organic extracts dried over MgSOi then concentrated to dryness. The residue was dissolved 
in methanol and S mg of p-toluenesulfonic acid was added. After stirring for 30 minutes at room 
temperature, 1 mL of aqueous 1 M sodium acetate was added and the mixture concentrated to dryness. 
The residue was dissolved in chloroform (100 mL), filtered and again concentrated to dryness. The product 
formed a solid on drying under vacuum (0.20 g, 87% yield) and was essentially homogeneous by TLO 
(1:3:26. AcOH: MeOH: CHCI3). 



Step N: Preparation of ^Benzyl2(RHN-2(SH(1,lKJlmethy^ 
(S)-hydroxy-1-prq3yl]n(R)-cyclopentene carboxamide 

The product from Step M, 0-20 g (0.43 mmol, was dissolved in 5 mL of dry DMF and to it was added 
50 mL (0.45 mmol) of benzylamine, 58 mg (0.43 mmol) of 1-hydroxybenzotriazole hydrate and 86 mg (0.45 
mmol) of dimethyl-3-(3^imethylaminopropyl)carbodiimide hydrochloride. Triethylamine was added dropwise 
until the pH was as. After stirring for 15 hours at room temperature, the reaction was concentrated to 
dryness under reduced pressure. The residue was dissolved in 100 mL of chloroform and washed with 1 X 
50 mL of 10% citric acid. 1 X 50 mL H 2 0, 1 X 50 mL saturated NaHCOa dried over MgS0 4> and 
concentrated to dryness. Crude product was purified by low pressure chromatography on silica gel eluting 
with 20% acetonhrile in methylene chloride to yield 150 mg of product as a foam which was essentially 
homogeneous by TLC (20% CH3CN/CH2CI2). The product formed a solid precipitate from ethanol/water. 



Step O: Preparation of N-Benzyl-2(R)-[N-2(SH(1 ,1 -dimethylethoxycarbonyl)amino)-3-(4-hydroxyphenyl)-2- 
(ShhydrQxy-l-propylHfft^oycfopentane carboxamide 

The product from Step N, 150 mg was dissolved in 25 mL of ethanol and 25% of THF containing 50 
mg of 10% palladium on carbon. The mixture was stirred under hydrogen atmosphere for 24 hours, then 
filtered and concentrated to dryness. The residue was dissolved in 6 mL of ethanol and 30 mL of water was 
added. A white solid precipitated which was collected and dried. The yield was 120 mg of pure product 
(95%): (C,H ( N). 



EXAMPLE 31 



Assay for Inhibition of Microbial Expressed Viral Protease 

Additional compounds were tested by the assay of Example 9. The results show substantial inhibition of 
MIV protease for many of the compounds tested. The products of synthesis in Example 10-28 Inclusive 
shown ICso values In the range of 0.1 - 10 nM. 

While the foregoing specification teaches the principles of the present Invention, with examples 
provided for the purpose of illustration, it will be understood that the practice of the invention encompasses 
all of the usual variations, adaptations, modifications, deletions, or additions of procedures and protocols 
described herein, as come within the scope of the following claims and its equivalents. 



Claims 

1 . Compounds of the formula: 
A-G-B-B-J I, 
wherein A is: 

Dtrityl, 

2) hydrogen; 

II 

R 1 - C - wherein R 1 is 
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a) hydrogen, 

b) O1-4 alkyl, substituted with one or more halogens adjacent to the carbonyl carbon where halog n is F, 
CI, Br, and i; 

4) phthal yi wherein the aromatic ring is unsubstituted or substituted with one or more of 
5 a)Ci-ialkyl, 

b) halo, 

c) hydroxy, 

d) nitro, 

e) Ci-3 aJkoxy, 

70 f) Ci-3 aJkoxycarbonyl, 
g) cyano, 

- C -NR2 wherein R is H or Ci-i alkyi; 
75 5) 

R 3 0 
R 2-C-0-C- 

20 R* 



wherein R 2 ,R 3 , and R 4 are independently 
a)H. 

25 b) Ci -e alkyl unsubstituted or substituted with one or more of 

i) halo, 

ii) alkyl SO2-, 

iii) aryl SO2-, 

c) Aryl unsubstituted or substituted with one or more of 
^ I)Cih alkyl, 

ii) Ci -3 aikoxy, 

iii) halo, 

iv) nitro, 

v) acetoxy, 

35 vi) dimethyiaminocarbonyf, 

vii) phenyl, 

viii) C1-3 alkoxycarbonyl 

d) fluorenyf, 

n6) R 2 , R 3 , and R*.may be Independently joined to form a monocyclic, bicyclic. or tricyclic ring system 
40 which is C3-10 cycbaJky! and may be substituted with Ci-* alkyl, or 
f) a 5-7 membered heterocyde; 



6) 



4S 



0 

r5_ n _ 0 -C- 
1 , 



so wherein R s and R 6 are 

a) Ci-ialkyf, 

b) aryl, 

c) R 5 and R 6 are joined to form a 5*7 membered heterocyde; 

7) 

S 

R 7 -S02NH- C- wherein R 7 is aryl unsubstituted or substituted with on or more of 
a) Ci -* alkyl, 
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b) halo, 

c) nitro, 

d) Ci-3 alkoxy; 

8) 



10 



is 



wherein m is 0-2 and R 8 is 

a) R 7 as defined above, 

b) trityl; 

9) 



R 8 -S- 

R7 



(R 7 )2 P • wherein X is O or S, or NH, and R 7 fs defined above; 
Gis 



20 



25 



30 



z 

II 



Y T 



wherein 2 is 0, S, or HH and 
R 9 is independently 
1) hydrogen; 



2) 



or 



-c— 
Rio 



50 



55 



3) -OR, wherein R Is H, or Ci alkyl 

4) -NRa, 

5) Ci-* alkylene-R 11 ; ; 
wherein n Is 0-5 and R 10 Is Independently 

a) hydrogen, 
b> hydroxy, or 
c) d-i-alkyk 
Ft" is 

a) hydrogen, 

b) aryl, unsubstftuted or substituted with one or more of 

i) halo, 

ii) hydroxy, 

iil> -NH2, -NO*, -NHR, or -NR2, wherein R is H, or Ci -4 alkyl, 

iv) C,-*alkyi, 

v) Ci -3 Alkoxy, 

vi) -COOR 

vii) -C^NR 2 , 

O 

viii) -CHaNRa, 
ix) 
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O 

-CH 2 NHC R, 

x) -CN, 

xi) -CF 3 . 
xii) 

-NH C R, 

xiii) aryl Ci - 3 alkoxy or aryl Ci-* alkyl, 

xiv) aryl, 

xv) -NRSOaR, 

10 xvi) -0P(O)(0Rx)2 wherein R x is H or aryl, or 
xvil) 

O 

ti 

-O C -Ci -* alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, O, and S, any of which 
75 heterocycle may be unsubstituted or substituted* with one or more of 

i) halo, 

ii) hydroxy, 

iii) -NH 2l -NHR, -NR2; 

iv) Ci-4 alkyl, 
20 v) Ci -3 alkoxy, 

vQ-COOR, 

vii) 
o 
fl 

- C NR2, - " 
25 viii) -CHzNFfe, 

,x > o 

JJ 

• -NH C R, 

x)-CN, 
30 xi) CF 3 , 

xii) -NHS02R, 

xiii) -0P(O)(ORx)a wherein R K Is H or aryi, or 

xiv) 
O 

35 -O-C -Ci-+aiky! substituted with one or more of amine or quaternary amine; 

d) Ci-€ alkyl or Ct-s alkenyl, unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) Cw alkyl, 

iii) -NH 2 , -NHR, -NR2, 
40 iv) 

NH 
it 

-NH CH , 

v) 

NH 
fl 

45 -NH-C - NH2, 
vi) -C00H, 

vii) 
O 

- &0R, 

50 viii) -SR, or arylthio, 

ix) -SCfeNHR, 

x) Ci -i alkyl sulfonylamino or aryl sulfbnyl amino, 

xi) -CONHR, 
xii) 

55 n 
-NH C R, • 

xiii) -OR, 

xiv) aryl Ci -gaikoxy, or, 
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10 



xv) aryi; 

e) C3-7 cydoalkyl unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) C--* alkyl, 

-NHj, -NHR, -NHRa, 

*rv) 

NH 
-NH-CH , 
v) 

NH 

n 



-NH- C " NH 2l 
vi) -COOH, 

vii) 

O 
Jt 

/5 - C -OR, 

viii) -SR, 

fx) -SO2NH2. 

x) alkyl sulfonylamino or aryl sulfonylamino, 

xi) -CONHR, or 
20 xii) 

O 
11 

-NH OR; 

f) a 5- to 7-membered carbocyclic or 7- to 10-membered blcyclic carbocyclic ring which is either saturated 
or unsaturated, said carbocyclic ring being unsubstituted or substituted with one or more of 
25 i)hak>, 

ii) -OR. wherein R is H or C1 -* alkyl, 

iH) 

? 

- COR, 
30 iv) 

O 
a 

-CNR2, 

v) -CHaNRa, 

vi) -S0 2 NRj: -S(0) y R and y = 0. 1 or 2; 
35 vii) -NR2. 

viii) 

O 

II 

-NH C R. 

ix) C<-4 alkyl, 
40 x) phenyl, 

xi) -CFa, or 
xfi) 

45 g) benzofuryl, indolyl; azabicyclo C7-1 1 cydoalkyl; or benzopiperidinyl; 

R 12 is -OH or -NHR' 3 wherein R t3 is -H, 
O 

II . ■ 

- C H, Ci-i alkyl, or -COOR; and 

® is 

so 1) C3-7 cydoalkyl either unsubstftuted or substituted with one or more of 

a) Ct-i alkyl, 

b) hydroxy, 

c) -NR2, 

d) -COOR, 
ss ) -CONHR, 

f) -NHSO2R, 

g) 



84 



EP 0 337 714 A2 



-NH C R. 

h) aryl, 

i) aryl substituted with & -♦alkyi. 
j) het recycle, or 

s k) heterocycle substituted with Ci -^.aikyl; 

2) ph nyl either unsubstituted or substituted with one or more of - 

a) hydroxy, 

b) -OR. 

C) -NHR'3, 

ro d) -COOR. 

e) 
o 
II 

- C NR2 l or, 



-NH C R; 

3) 5 to 7-membered heterocycle, any of which heterocycle may be unsubstituted or substituted with one or 
more of 
i) halo, 
20 ii) hydroxy, 

iii) NRa, on 

iv) Ci-* alkyi; 
Q is 



25 




30 

wherein R 9 and R 13 are defined above; 
X is 0. S, or NH; and 
Wis 
1)0H, 
35 2)NH 2 , 

3) OR, or 

4) NHR; 

B fs, independently, absent, or 



40 




1) YR U wherein: 
Y is 0 or NH, and 
R" is 

a) H; 

b) Ci- 6 alkyi, unsubstituted or substituted with one or more of 
i) -NR 2 , 

ri) -OR, 

iii) -NHS02Ci-4alkyl ( 

iv) -NHSOa aryl, or -NHS0 2 -{dialkylaminoaryl) l 

v) -CHaOR 

vi) -Ci-4 alkyi, 
vii) 



85 



EP 0 337 714 A2 




O 




5 



ix) 




10 



tt 



xi) 



-NHCR, 




75 



xii> 



-NH. 




'Ph. 



xiir) -NRg® A 9 wherein A G is a counterion, 

xiv) -NR ,S R 16 wherein R TS and R 16 are the same or different and are C1-5 alkyl joined together directly to 
form a 5-7 membered heterocycle, 

xv) aryl, 
55 xvi) -CHO. 

xvii) -OP(O)(0RK>a wherein R* is H or aryl, or 

xvifi) 
O 
l 

-O- C -Ci -4-aIkyl substituted with one or more of amine or quaternary amine; 
3° c) -{CHzCHaOkCHa or -<CH 2 CH 2 0) n H; 

2) N(R 1 *)z; or 

3) -NR ,S R ,G wherein R 1S and R 16 are defined above; 



wherein: 

Y, R 1 * and n are defined above, and 
R 17 is a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 
45 0 halo. 

ii) -OR, wherein R is H or d-4 alkyl 

no 
? 

-COR, 

50 fv) 



f 

- CNFfe, 
v) -CH2NR2, 
vO -SO2NR2. 
55 vii)-NR|. 
viii) 0 




-NH CR, 
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70 



xi) Ct-* alley!. 

x) phenyl 

xi) -CF 3 , 
xii) 

- N -SQzR, 
xiii) -Ci-* alkyj -NR2, 

xlv) -OP(OKOR)()2 wherein R x is H or aryt, or 
II 

-0- C -Ci-ialky] substituted with one or more of amine or quaternary amine; 
c) Heterocycle as defined below, 
unsubstituted or substituted with one or more of 
i) halo, 

15 ii) -OR, wherein R is H, Ci -+ alkyl. or Ci -♦alkenyl, 

in) 

- &OR, 
Iv) 

20 0 

- b NRj, 

v) -CH2NR2, 

vi) •S02NR 2 , 

vii) -NFfe, 
25 viii) 

O 
II 

-NH C R, 
xi) Ci -4 alkyl, 
x) phenyl 
30 xi) -CF 3 , 



05 



R 

xii) -NS0 2 R, 



xiii) phenyl Ci -+ alkyl, 

xiv) -OP(0)(ORx)2 wherein Rx is H or aryl, or 

xv) N 

40 ? 

-f> C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered carbocyclic or 7*10 membered bicyefic ring which is either saturated or unsaturated, 
said carbocyclic ring unsubstituted or substituted with one or more of 
i) halo, 

45 ii) -OR, wherein R is H or Ci -i alkyl, 

Hi) 
O 
If 

-> COR. 

% 

SO I 

* CNRa, 
vJ-CHaNRa, 

vi) -SOaNRa, 

vii) -NFfe, 
55 viii) q 

Jl 

-NH C R, 
xi) C,-«. alkyl. 
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x) phenyl 

xi) -CF 3 . 
xii) 

R 

5 - A sc^a 

xiii)-0P(0K0RK)2 wherein Rx is H or aryl, or 
xiv) 

O 

« 

-0- C -Cwalkyl substituted with one or more of amine or quaternary amine; or pharmaceuticaJfy accept- 
10 able salts thereof. 

2. The compounds of Claim 1 wherein B is independently present twice and Z Is O. 

3. The compounds of Claim 2 wherein J is NH 2 and Q is 

75 H R 9 

I / 

-C CH-, . 

I 

OH 



20 



25 



30 



35 



40 



so 



55 



4, The compounds of Claim 2 wherein J is Nhfe and Q is 



4- 

I 

W 



5. The compounds of Claim 2 wherein J is NH 2 and Q is 

E 

I 

OH 



6. The compounds of Claim 1 wherein 8 is present once and Z is 0. 

7. The compounds of Claim 6 wherein Q is 

H ; 

X C— — CH-. 
OH 

8. The compounds of Claim 6 wherein Q is 

X 

-?— CH 2 . 
W 

9. The compounds of Claim 6 wherein Q is 
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i 

OH 



10. The compounds of Claim 1 wherein B is always absent 

11. The compounds of Claim 10 wherein Q is 



10 



E 



OH 



75 



20 



12. The compounds of Claim 10 wherein Q is 

X 
tt 

-F- 
I 

W 



CH 2 -- 



13. The compounds of Claim 10 wherein Q is - C H 
25 OH 

14. The compounds of claim 1 wherein G is 



30 



OH R 9 



NH 2 R 9 
R 9 O 



35 



15. The compounds of Claim 14 wherein B is absent or present once. 

16. The compounds of claim 15 wherein J is 



40 



-NH 



-c~ 



45 



17. The compounds of claim 16 wherein A is 



50 



-IF 



R" 

I 



0 



R* 



ss 1 8. N'-(1 .1 ^methylethoxywbonyl)-5(S)-amino^S)-h^^ 

leucyl-phenylaianylamide, or pharmaceuticaliy acceptable salts thereof. 

19. N-Benzyl-N'-(1,1-dimethyiethoxy cart>onyi)^(S)-amino^($)-hydrox^^ 
hexanoyMeucyl-amide, or pharmaceuticaliy acceptable salts thereof. 
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20. N-benzyhN'-(1 ,1 -dimethylethoxycartonyl)^^ 
hexanoic carboxamide, or pharmaceutically acceptable salts thereof. 

21 . N'-(1 .1 -Dimethytethoxycarbonyl)-5(S)^in^^ 
hexaaoyMeucyhphenylalanylamide, or pharmaceutically acceptable salts thereof. 

22. n'-<1 ,1-Dimethylemoxycarbonyl)-5(S)-amin^ hexanoyi- 
leucyl-phenylaJartfne methyl ester, or pharmaceutically acceptable salts thereof. 

23. n'-{1 , 1 -Dimethy lethoxycarbony l>-5(S}-amino-4(S)-hydroxy-6-pheny l-2(R)-(pheny[methyl)hexanoyl- 
isoleucylamide, or pharmaceutically acceptable salts thereof. 

24. N-(2-(Methanesulfony lamlno)ethy I)-n'-(1 ,1 -dlmethyIethoxycarbonyi)-5(S)«amino-4(S)-hydroxy6- 
phenyl-2(RHphenylmethyl)hexanoyl-leucyIamide. or pharmaceutically acceptable salts thereof. 

25. N^IJ-Dimemyiethoxycarbony^ 
leucyHphenylalanylamide, 
^Benzyl-N'(1J-Dimethylethoxycari^ 
(eucyl-amide, 

5<SH(1 t l-Dimethylethoxycarbo^ 

N'-(1,VDimethylethoxycarbonyl)-5(Sh^^ 

phenytalanyfamrde, 

5(S)-[(1 ,1 -Dimethylethoxycarbonyl)amino H(S>-hydroxy-e-pheny l-2(R){phenylmethyl)hexanoy 1 Leu-(4-l-Phe)- 
amide. 

5<SH(Phenyimethyloxyc^bonyl)amta Leu-Phe amide, 

5(SH(1 .1 -dimethy lethoxyc^onyl)amIno}^S)-hydro Leu-Phe-amide, 
3-(1(S)-Benzyloxycarbonylamrno-2-phenyiethyl phosphinyl)-2(S,R>-(phenylmethyI)propanoyl'L-Leu-Phe- 
amide, 

N-[4-[(Benzy loxycarbonyl)amlno]butyl>5(SH(1 .1 ^imethylethoxy)cart<)nylaminoH{S>-hydroxy-6-phenyl-2- 

(RHphenylmethyl)hexanoyl-Leu-amide, 

N^1,1-Dime%lethoxycarbonylh5(S)-^ 

phenylalanine methyl ester, 

5<SH(1,1-Dimethylethoxy<^bonyI)^^ Leucine- 
Phenylalanine amide, 
5(SH(1.1 -Dimethy lethoxycarbony!)-^^ 
amide. 

5<SH(1 .1 -Dimethy lethoxycanbonyl)-amino}^S)4iyd^ 
hydroxy-1 (SMpheny1methyl)ethyl)-Leu amide, 

5(SH0.1^methyJethoxy<*rbony[)ram^ amide, 

N-<2-{Methaflesuifbnylamino)ethy^ 

(phenylmethyOhexanoyl-leucylamide, 

5{SH(1,1-Dimethy!ethoxycarto^ amide, 
5(SH(1 ^Dimethytethoxy<»rbonyl)-am^ 
hexanoyl-Leu-Phe amide, 

5(SH(1 .1 -Dimethy lethoxycarbony l)-amino]^S)^ydroxy-6i)henyl-2(RHphenylmethyDhexanoyl-lle-Val- 
amide, 

5(S)-[{1 ,1 -Dimethylethoxycarbonyl>-am^ 
Leu-Phe amide, 

5<3H{^-Dimeihyiethoxycarbonyl^ 
5<SH(1 ,1-Dimethylethoxycarto^ 
hydroxy-1 (S)-phenylethyl)Leu amide, 
5(SH(1.1-DimethyIethoxycarbonyl)-am^ 
acetamidoethyl)Leu amide, 

5(S)-[(1 ,1 -Dlmethylethoxycarbonyf)-aminoH(S)-hydroxy-6-pheny l-2(R)-<3 'phenyl-prop-2'-en-1 '-yiHeucine? 
phenylalanine-amide, 

5{SH(1 .1 -Dimethy lethoxycarbony l)-amino]-4(S)rhydroxy^henyI-2{R>(pheny imemyl)-hexanoy I-Nh[2- 
hydroxyethyl)Leu amide, 
5(S)-[(1>Dimethyf moxyran^ 
benzylamlde, 

5{SM(1,1-Dime%l8thoxycarboriyl)amto 
amide, 

4(SH(1,10imethylethoxycarbonyl)^ amide, 
5<SH(1.1-Dimethylethoxycarbonyl)am^^^ 
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dimethy!aminopropyl)-lle-amide, 

5(SH(1 .1-Dim thyl thoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2^ 
phenylalanine amid . 

5(S)-[(1 >DimethylethoxycarbonyI)amino]-4(S)-hy valine amide, 

5<$H<1,1-Oimethylethoxycarbonyl)amino^^ 

benzyl-ester, 

5(SH(1 .1-Dimethy!ethoxycarbony^ 
N-benzyl amide. 

5(SH(1.1-D»methylethoxycarbonyl)am^ 
amide, 

5<SH(1.1-DImethylethoxy<^onyl)am 
5(SMOJ-Dimethylethoxycarbonyl)^ 
dimethylamino ethyl)-lte amide, 

5{SH(1 .1 -Dimethy lethoxycarbony l)amino J-4(S)-hydroxy-6-pheny I-2(RHphenyimethyl)hexarroyl-N-(2- 
pyridylmethyl)!le amide, 

5(SH(1 -Dimethylethoxycarbony l)aminoH(S)-hydroxy-6-(2-naphthyi)-2(R)-(phenyImethyl)hexanoy!-Ile- 
ben2ylamide, 

5(S)-[(1 ,1 -Dimethy lethoxycarbony l)aminoJ-4(S)-hydroxy-6-phenyl-2{RHphenylmethyI)-hexanoyl-!le-Phe 
amide, 

N-(Methyi-5-amino-5<leoxy-2,3 t (Hsopropy^^^^ 
hydroxy-6-phenyl-2{R)(phenylmethyf>-hexanoyl He amide, 

5(S)-[(1 , 1 -Dimethy Iethoxycarbonyl)aminoH(S)-hydroxy^phenyK-2(RHphenylmethy i)hexanoy i-S- 
neopentylglydne amide, 

N-{2(S.R)-Hydroxy-1 {R.SHndany I)-5(S>-(1 , 1 -dimethy lethoxycarbony lamino)-4(S)-hydroxy-6-pheny I-2{R)- 
phenylmethylhexanamide, 

5(S}-(1 ,1 -Dimethy lethoxycarbonylamino)-4(S)4iydroxy-6-phenyI-2(R)-(3 -pheny Ipropy I)hexanoy Heucine- 
phenylalanine amide, 

5(SH1 »1 -Dimethy lethoxycartx)nyIamirK3)-4(S)-hyd 
dimethylamino propyl)-Val amide, 

N-(Methyi-5-amino-5-deoxy-jS-D-ribosy i)-5(SH1 . 1 -dimethy lethoxycarbony Iamino)-4(S)-hydroxy-6-pheny 1-2- 
(RHphenylmethyl)hexanoyMle amide, ' 

5(SM(1 . 1 -Dimethy lethoxycarbony l)amino]-4(S)-hydroxy-6-phenyl-2(R)-(pheny[methyl)hexanoyl-S-tert- 
butylglycine-benzylamide, 

5(S)-[(1,1-Dime%lethoxyc^bonyl)aminoH(S)-hydroxy-6-phenyh2(R)-{phenylm8thyl)h^ 
dIhydroxypropyl)-IIe amide, 

5{S)-t(1 .1 -Dimethy lethoxycarbony l)amino]-4(S)-hydroxy-6-phenyI-2(R>-{phenylmethyl)hexanoyl- 

cydohexylglycine-amide, 

5(S)-[(1 ,1 -Dimethylethoxyrarbonyl)amino]-^ 

(Sklimethyi amino propyl) valine amide, 

N'-{1 ,1 -Dimethylethoxy<xutonyJ)-5{S)-amino-^ '-yl)- 
hexanoyl-(S)-phenylglycyh(2-hydroxyethyl)amide, 
5(SH^ J -Dinriethy Iethoxy<^rtx3riylaminoH(S)-hydroxy-6 
(phenylmethyi)-valine amide, 

N-(cis-2(S,R)Hydroxy-1 (R.S)-indanyl)-5{SH1 ,1 -dimethyiemoxycarbonyIaminoH(S)-hydroxy-6-{4- 
benzyloxyphenyImethyl)-2(RHphenylmethyl)hexanamide, 

5(SH1 .1 -Dimethylethoxyc^onylaminoM(S^ 

(imidazoI-4-yl)-1-(hydroxymethyl)-prq3yI]-lfe-amide. 

4{SH(t .1 -Dimemylethoxy<^dx)nyl)aminoh3(Shhydroxy-5-cydohexylpe 

amide, 

5(SH0 J -Dimethylethoxycartx>nyl)aminoH(S)-hydr^ '-yl)-hexanoyl - 

(S)-phenyIglycine amide, 

5(SK(1 ,1 -Dimethy lethoxycarbony 0amirw3]-4{S)-hydroxy-6-phenyl-2^ 
amide, 

5(S)-[1,1-Dimethyiemoxyc^bonylaminoH(S)-hydroxy-6-phenyl-2(R)-(phenyImethy 
amide, 

N-(2(S or R)-hydroxy-1,2,3,4-tetrahydro-1(R or S)-naphthyl)-5(SM 1 » 1 -dimethyl thoxycarbonylaminoH(S}- 
hydroxy-6-phenyI-2(R)-phenyImethyl hexanamide, 

N-(2(R or Shhydroxy-1,2 t 3 ( 4-tetrahydro-1(S or R)-naphthyl)-5(S)-(1,1 -dimethyl thoxycarbonylamino)-4(S>- 
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hydroxy-6-phenyl-2(R)-phenyImethy! h xanamide, 

N^cis-2(S.R)-Hydroxy-1 (R,S)-indanyl)-5{SH1 , 1 Kl!m©th^ethoxycarbonylamin6KS)-hydrc^-6-(4- 

hydroxyphenyl^fRhphenylmethylhexanamide, 

5<SMU-Dimethyiethoxycarbonyl)ami^ 

dihydrc>xypropyl)-Val-amide t 

N-(cis-2(R)-Hydroxy-1 (S)-indanyf)-5($M1 .1 -cfime%tethoxycarix>ny^ 
phenylmethyhhexanamlde. 

5(SH1 .1-DimBthy[ethaxycarbonylaminoH(S)-hydroxy-3(S or R>-hydroxy-6-phenyl-2(R)-phenylmethyl- 
hexanoyl-Leu-Phe-amide, 

5(S>-(1 ,1-Dime%tethoxycartxmylamlno}^ '-yi)-hexanoyl-N- 

(2(R,S),3-dihydroxypropyl)-pbenylglyc!ne amide. 

5(SH0.1-Eme%lethoxycarbonyOamlra^ 

benzimidazolyl methyl)lle amide 

5(S)-(1 ,1 -Dimethyletho)cycarbonylamino)^S)4i^^^ 

lie amide, 

^Me%l^amno-5<ieoxy-^D^ 
(R}-phenylmethylhexanoyl-Val amide, 
N-(Methy!-5-amino-Weoxy-2,3,(Wsopro^^^ 
hydroxy-6-phenyl-2(RHphenyfmethy0hexafX)yi-Val amide, 
5(SH1 .1 ^imethylethoxycarbonylamino)^S)^^ 
methoxyethoxy)ethylpsoleucine amide, ' 

5(S)-{1 .1 -Dimethy lethoxycarbony lamino)-4(S)-hydraxy-e-pheny l-2(R)-(3 / phenylpropyl)hexanoyl-N-(2*(R,S),3 ,r - 
dihydroxypropyf>-phenylgfycine amide, 
I4(SH1 .l^ime%lethoxycarbo^ 
amide, 

5(S)"[{1 ,1 -Dimethylethoxycarbonyl)amirol^ 
imidazofyl)ethyl]valine amide, 
rHci$-2(R)-Hydroxy-1{$Hndanyl^^^ 
phenylprop-2 -en-1 '-yl)hexanamide, 

N-(1(R or S), 2(S or R)-Dihydroxy-3(S or RHndany!)-5(SH1 ,1-dimettiytethoxycarbonylaminoH(S)-hydroxy- 
6-phenyl-2{RHphenylmethyI)hexanamide, 

N-[2(R)-Hydroxy-1 (S)-indanyl>5{SH(1 ,1 <limethylethoxycarbonyl)am^ 
2(R)-(phenylmethyl) hexanamide, 
5(SH(1.1-Dimethy1ethoxycarb<^ 
valine amide, 

NKcis-2(R)-Hydroxy-1 (SJ-inda^ 
iodophenyl)methyl)hexanamide, 

5(S)-[(1 ,1 -Dimethylethoxycartxxiyl^ . 

p!peridinyf)ethyl)vanne amide, 

5(SH(1.1-Dimethylethcxycart>o^ 

hydroxyethyl)vafine amide, 

5(SH(1.1-DimethylethoxycaitonyI)aminoh2(RH>hen 

methoxyethoxy>ethoxylethyl)jso!eiicine amide, 

5(3H1 ,1 -Dimeihyiethoxycarbonyiamiro^ 

dime%lamincmaphthylsuJfbnamido)ethyiJisoleuctne amide, 

5(SH1 ,1-Dimethyiethoxycarbcmylam^ 

diethy!amino-2(R t S)-hydroxypropy0vaIine amide, 

N-(1(R or S), 2(S or R)-dihydroxy-3-(S or RHndanyl)^SM1.1<iimemyleto^ 
6-(4 -hydroxyphenyl^RHphenylmethyOhexanamide, 

N-(cis-2{R>-Hydroxy-1 (S)-lndanyl>-5{S)-(1 ,1 -dlmethylethoxy carbonyIaminoH<Sy-hydroxy-6-(3- 

dimethylaminomethyl^hydroxyphenyl>^^ 

5(SH(1.1-DimethyIethoxycarbony^ 

benzimidazoylmethyljvaline amide, 

5(S)-[(1 ,1-Dimethy!etfiO)cycartx)nyi)amiro^ H- 
imidazoM-yl))-1-hydroxymethyJethyl]valirve amide, 
N-(ds-2(R)-Hydroxy-1 (S)-indanyi)-5(SH(1 .1<limethyletho>cycarbonyl)^ 
(RMphenylmethyl)hexanamide, * 
5(S)-[(1 ,1 ^rmethyiethoxycaifconyl)am^ 
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dimethylaminobenzyI)valine amide, 
5(SH(1 >DimethytethoxycaifconyO 
benzimidazolylmetrr/l)phenyIglycineamide f 

3[H1R)-(1,1-Dimethylethoxycarbonyiam^ or RHphenylmethyl-N-(2{R)- 

hydroxy-1 -indany l)propanamide, 

5(SH(1.1-Dimethyi thoxyc»rtxmyl)amino]-4<S)-hydrc^^ 

benzimidazoIyl)vaJine amide, 

N^2(RHrydroxy-1(SHndanyl)-5(SH{^ytidinylmethoxycarto 
(phenylmethyOhexanamide, 

N-(2<R>-hydroxy-1 (S)-indany I)-n'-[(1 -methyiethoxy carbony l)amInoH(S)-hydroxy-6-pheny1-2(R>- 

(phenylmethyOhexanamide, 

5(SH1.1"Dimethylethoxycarbonylaminoh4(Shhyd 

dimethylaminopropyl)-vaJine amide, 

N-(benzyl)*5(SH1 ,1 -dimethy lethoxycarbony lamino)-4(S)-hydroxy-6-phenyl-2(R)-(pheny Imethy l)hexanoyl 
valine thiomide, 

N-(1 (R) t 2(S)-drhydroxy-3(S)-indany l)-N'-(1 ,1 ^imethyJethoxycarbony lami no)^S>*ydroxy-6-phenyl-2(R)- 
(3'phenylprop-2 en-yl)hexanamide, 

^[4(S)-benzopyranylJ-5(SH1.1<limethylethoxycarbonylamirKD)-4<S)-h 
hexanamide, 

N-(4(R t S)-ben20pyrany I]-5(SH1 .1 -dlmethylethoxycarbony lamino)-4(S)-hydro)cy-6-pheny l-2(R)- 
(phenylmethyl)hexanoyl-valine amide, 

N-(aflyi-5-amino-5-deoxy-2 f 3-0"l5opropylidene-i3-0-ribosyl)-5{S}-(1 ,1 -dimethylethoxycarbonylamino)-4<S)- 
hydroxy-6-phenyi-2(RHphenylmethy()hexanoyi-vaJine amide; 
5(S)-[(1,1<iimethylethoxycaxbony!)am^ 
methylaminoethyl)-valine amide, 

N-(ds-1 -hy drt>xycyclopent-2-en-3-yI)-5(SH1 ,1 -dimethy lethox6ycarbony lamino)^S)^ydroxy^pheriyl-2(R)- 
(phenyimethyi)hexanamlde t 

5(SH0.l^'methylethoxycarbonyt)aminoH(S)-hydroxy-6^hOT 
5-isoxazoloyl-methyl)vafine amide, 

N^d$-2(R)-hydroxy-1(S)-iridanyl)-5(^^ -4(S)-hydroxy-6-phenyl-2(R)-(^enylmethyl)- 
hexan amide. 

N-<24iydroxyethyl>S(SH1 i1-din^ 
isoieucyl-amide. 

5{SHl.1^irnethylethcxycarbonyiamino)^S^^ 
phenyl glycine amide, 

N-(cis-2(R or S)-arninocarbonyi-1(S or R)-indanyl)-5(S)-{1 J-dirne^ylethoxycarbonylamino)-4(S)-hydroxy-6- 

phenyl-2(R}-(phenyimethyl)hexan amide, 

l^2(R)^ydroxy-1 (SHndanyl)-5(S)fl1 ,1<IlmethyietrK5)^ 

(RH4-hydroxyphenylmethyI)hexanamide t N 

N-(ds-2(R or S)-carboxy-1 (S or RHrxJanyl)-5(SH1,1-dimethyIet^^ 

2(RHphenylmethyl)hexanamide, 

N-{ds-2(R)-hydroxy-1 (S)Hndanyl>-5-(1 .l^imethyiethoxycarbwiylaminoHCS^ydrcocy^phenyi^RH^ 
nitrophenylmpthyl)hexanamide, 

5(S)-(1 , 1 -di methy lethoxycarbony famino)^SHiydrcocy-6^heny1-2(RH^ 
hydroxyethyl)-phenylglycine amide, 

N-{cis-2(R)-hydroxy-1 (S)-indanyi)-5(S)-(1 ,1-dimethylethcxycartonylaminoH(S>-hydrcocy-6-phenyh2(RH4- 

aminophenylmethyl)-hexanamide, 

N'^1,1^imethy!ethoxycarbonyl)-5(S)^^ 

morpholino)propyt)>valine amide, 

N-[5-amino-5-deoxy-D-ribosyl]-5{S)-(1 ,1 -dimethyiethoxycarbony lamino)-4{S)-hydroxy-6-phenyi-2(R)* 

phenylmethyl-hexanoyl-valfne amide, 

hK^amirH>5<iecocy-2 ( 3 1 Msopropyiidene-M^ 

pheny»-2(R)-(phenylmethyl)hexanoyl-vaIine amide, 

5(SH(1 .1 <limethylethcocycarbc*yl)amino]^^ 

pyridylmethyl)vaiine amide, 

5<SH(1 i 1 ^imethylethc*ycarbonyI)ammo]^S^^ 

pyridylmethyl)vaJine amide, 

5(SH0»l^irne%lethoxyc*ntonyl)^ 
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methoxyethoxy)ethoxy]ethyl)valine amide. 
5<SH(1 ( 1-dim thylethoxycart>onyl)amino^^ 
pyridylmethyl)vaJlne amide, 
N-[cis-3(S)-hydroxy^S)^zopyi^^ 
5 phenylmethyl-hexanamide, 
^1R»2S<lihydroxy*S^rK^^ 
2(RM4 -hydroxyphenyl)methylhexanamide, 

N-{cis-2(R)-hydroxy-1 (S)-indanyl)-5{SH1 .1 <Iimethylethoxycarbonylam to^^ 

(phenylthioniethyi)hexanamide t 
w Dilithium N-(2-phosphorytaxyethyl)-5(S)-(1 w 1 Klime%lethoxy(x^onylamino>^S)-hydroxy-2(Rh 

{phenylmethyOhexanoyl-lsoleucylamlde, 

N-(Me%K5-amincK5Kie^ 

2(RHphenyJmethyl)hexanoyHle amide, 

5(SH(4i>yridylmethoxycartx)nyI)am^ 
75 benzimidazolyEmethyl)-lle amide, 

N-(cis-2(R)-hydroxy-1 (S)-indanyl)-5(SM1 A <HmethylethoxycartxDny^ 

(1 ,1-dimethylethyDphenytmethyOhexanamide, 

or pharmaceutically acceptable salt thereof* 

26. The compounds of Claims 1-25 in combination with any of the antivirals, immunomodulatory 
20 antibiotics or vaccines of Table IV. 

27. A pharmaceutical composition comprising the compounds of Claims 1-25 and a pharmaceutically 
acceptable carrier. 

28. A pharmaceutical composition comprising the compound in combination according to Claim 26 and 
a pharmaceutically acceptable carrier. 

25 29. The pharmaceutical composition of Claim 27, for use in the treatment of AIDS, in the prevention of 
infection by HIV, in the .treatment of infection by HIV, or in the inhibition of HIV protease. 

30. The pharmaceutical composition of Claim 28 for use in the treatment of AIDS, in the prevention of 
infection by HIV, In the treatment of infection by HIV, or in the inhibition of HIV protease. 

31. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
ao treating AIDS. _ 

32. The use of a compound in the combination according to claim 26, for the manufacture of a 
medicament useful for treating AIDS. 

33. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
preventing infection by HIV. 

35 34. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
useful for preventing infection by HIV. 

35. The use of a compound as claimed In any one of Claims 1 - 25, for the manufacture of a 
medicament useful for treating infection by HIV. 

36. The use of a compound in combination according to Claim 26, for the manufacture of a medicament 
40 useful for treating infection by HIV. 

37. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for inhibiting HIV protease. 

38. The use of a compound in combination according to Claim 26. for the manufacture of a medicament 
useful for inhihigng HIV protease. 
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